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PREFACE 


The  aim  in  writing  this  book  has  been  to  give  data,  details  and  tables  for  the  design  and 
construction  of  steel  bridges  and  buildings.     The  book  is  written  for  the  structural  engineer  and 
for  the  student  or  engineer  who  has  had  a  thorough  course  in  applied  mechanics  and  the  calcu- 
lation of  stresses  in  structures.    To  this  end  data  and  tables  that  will  be  of  service  to  the  designing 
and  constructing  engineer  have  been  given,  rather  than  predigested  data  and  designs  that  might 
be  used  by  the  untrained.    The  book  is  intended  as  a  working  manual  for  the  engineer,  draftsman 
and  student  and  covers  data,  details  and  tables  for  the  design  of  the  structures  ordinarily  met 
with.    Swing  and  movable  bridges,  cantilever  and  suspension  bridges  require  special  treatment 
and  have  not  been  considered.  ^As  the  book  is  intended  to  supplement  the  present  books  on 
stresses  the  calculation  of  sUgggses  in  bridges  and  buildings  has  been  only  briefly  considered, 
ine cakulation  of  stress^^lH^taining  walls,  bins,  stand-pipes,  and  other  structures  not  ordinarily 
covered  m  text-books  gifstresses  have  been  given  in  compact  form.     Great  care  has  been  used 
to  give  examples  of  s^^tures  that  represent  standard  practice.     With  a  few  exceptions  the  draw- 
ings of  details  of  stiy^tyres  have  been  especially  prepared  for  this  book  from  actual  working  plans. 
1  ne  book  is  a  soutf^  book  and  is  not  a  treatise,  and  is  intended  to  furnish  data  and  details  that 
ire  available  onbf^Q  2^  fg^  engineers;  and  standard  specifications  for  materials  and  workmanship 
nat  are  ^vailab^  ^j^y  j,j  transactions  of  societies  and  in  special  treatises. 

The  tabM^  giving  properties  of  columns,  top  chords,  plate  girders  and  struts  have  been  cal- 
ulated  cspo^j^jjy  f^j.  ^j^jg  book,  and  are  original  in  material  and  arrangement.  In  calculating 
le  tables  yniy  those  sections  which  comply  with  standard  specifications  have  been  given.  The 
I  Dies  ^^i.  been  calculated  by  the  use  of  calculating  machines  and  have  been  checked  with  great 
^^^^  /  Je  values  will  be  found  to  be  correct  to  one  unit  in  the  last  place  given.  Properties  of 
"^*^^7  and  Bethlehem  sections  are  given  in  a  compact  form  for  easy  reference.  The  tangents 
^^  ^igle  of  the  axis  giving  the  least  radius  of  gyration,  given  in  the  tables  giving  properties 
^e  angles,  were  taken  from  Cambria  Steel.  With  the  exception  of  a  few  special  I  beams 
annels  the  tables  may  be  used  for  Cambria,  Pencoyd  and  Jones  &  Laughlin  angles,  I  beams 
*^^annels.  The  American  Bridge  Company  standards  for  eye-bars,  loop-bars,  clevises,  pins, 
her  structural  details  are  given.  Tables  of  logarithms,  function  of  angles  and  tables  that 
sily  available  have  not  been  included. 

he  size  of  the  book  and  the  size  of  the  type  page  were  selected  for  the  reasons  that  they  give 
k  of  standard  size  with  a  type  page  large  enough  so  that  each  table  can  come  squarely  on  one 
»  and  large  enough  so  that  complete  plans  of  structures  can  be  given.     A  large  clear  type  was 
_ted  for  both  the  text  and  for  the  tables.    The  paper  has  been  selected  with  the  idea  of  clear- 
|l  of  the  printed  page. 

This  txx>k  is  a  result  of  many  years'  work,  during  which  time  the  author  has  written  four 
>ks  on  structural  engineering.  In  writing  this  book  the  author  has  drawn  on  his  other  books, 
ioug:h  much  of  the  material  given  on  steel  mill  buildings  and  highway  bridges  is  new,  and  the 
uctural  Engineers'  Handbook  supplements  the  author's  other  books. 

Data  and  details  have  been  obtained  from  many  sources,  to  which  credit  has  been  given  in 
body  of  the  book.  The  author  is  under  special  obligation  to  many  engineers,  to  which  special 
no-y^lalgtnent  cannot  be  maide  on  account  of  lack  of  space. 
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VI  PREFACE 

In  writing  this  book  the  author  has  been  assisted  by  several  of  his  former  students.  Credit 
is  due  to  Mr.  I.  C.  Crawford,  Instructor  in  Civil  Engineering,  for  assistance  in  calculating  tables 
and  reading  proof;  to  Mr.  C.  S.  Sperry,  Instructor  in  Engineering  Mathematics,  for  assistance  in 
calculating  tables;  to  Professor  H.  C.  Ford,  of  Iowa  State  College,  and  Mr.  T.  A.  Blair,  Instructor 
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ington, Assistant  Professor  of  Civil  Engineering,  for  assistance  in  arranging  and  calculating  tables, 
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STRUCTURAL  ENGINEERS'  HANDBOOK 


Introduction. — ^The  book  is  divided  into  two  parts  which  are  self  contained.  Part  I  includes 
a  discussion  of  the  design  of  structures  and  gives  data  and  details  for  the  design  of  steel  bridges 
and  buildings.  Part  II  contains  tables  for  structural  design  and  includes  tables  giving  the  proper- 
ties of  rolled  sections,  properties  of  built-up  sections  for  chords,  columns,  struts,  plate  girders, 
etc.,  and  data  for  standard  structural  details. 

PART  I. 

Data  and  Details  for  the  Design  and  Construction  of  Steel  Bridges 

AND  Buildings. 

Introduction. — ^The  discussion  in  Part  I  has  been  limited  to  steel  bridges  and  buildings  and 
other  simple  steel  structures;  no  reference  being  made  to  swing  and  movable  bridges,  cantilever 
and  suspension  bridges.  The  design  of  a  bridge  includes  the  design  of  the  substructure  as  well  as 
the  superstructure,  so  that  the  design  of  retaining  walls  and  bridge  abutments  has  been  briefly 
discussed.  Timber  trestles  and  bridges  are  required  for  temporary  structures  and  for  the  erection 
of  steel  structures,  and  a  brief  discussion  of  timber  trestles  and  bridges  is  therefore  properly 
included. 

The  design  of  a  structure  requires  not  only  a  knowledge  of  the  properties  of  materials  and  the 
ability  to  calculate  the  stresses,  but  also  a  knowledge  of  local  conditions  and  requirements,  of 
economic  design,  of  details  of  construction,  of  methods  of  erection,  methods  of  fabrication  and 
their  effect  on  cost,  and  of  many  other  matters  which  limit  the  design.  The  most  economical 
structure  for  any  given  conditions  is  the  one  which  will  give  the  greatest  service  for  the  least 
money,  quality  of  service  and  the  life  of  the  structure  being  given  proper  consideration.  Financial 
limitations  often  limit  the  design  and  the  problem  then  is  to  design  a  structure  that  will  give 
satisfactory  service  with  the  money  available. 

To  design  a  satisfactory  structure  when  limited  by  financial  considerations  is  a  problem  that 
requires  the  exercise  of  the  highest  possible  skill  on  the  part  of  the  engineer.  He  must  be  able  to 
select  an  economical  type  of  structure;  he  must  make  an  accurate  estimate  of  the  loads  to  be  carried 
by  the  structure;  he  must  be  able  to  calculate  the  stresses  with  accuracy;  he  must  make  the  de- 
tailed design  with  due  reference  to  ease  of  obtaining  the  material,  the  cost  of  shop  work,  and  the 
cost  of  erection. 

The  shop  cost  of  steel  structures  varies  with  the  type  of  structure,  the  size  and  weight  of  the 
members  and  upon  the  make-up  of  the  members  and  the  details.  By  using  fewer  and  larger  mem- 
bers, by  using  rolled  beams  and  columns  in  the  place  of  built-up  plate  girders  and  columns,  and  by 
using  tie  plates  in  the  place  of  lacing,  the  shop  cost  per  pound  of  a  railroad  bridge  may  be  materially 
reduced.  If  the  simplification  of  the  design  is  carried  too  far  the  reduction  in  shop  cost  will  result 
in  a  material  increase  in  the  weight  of  the  bridge,  and  in  an  increase  in  the  cost  of  the  bridge, 
with  a  decrease  in  efficiency.  The  details  of  the  design  of  a  structure  should  be  worked  out  with 
reference  to  ease  and  economy  of  erection  as  well  as  ease  and  low  cost  of  fabrication.  While  the 
standardizing  of  connections  so  that  multiple  punches  may  be  used  may  result  in  a  considerable 
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saving  in  shop  cost,  it  often  results  in  a  material  increase  in  the  weight  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  thac  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  is  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  efficiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  carefully  worked  out 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  ease  of  fabrication 
and  ease  of  erection  are  given  due  consideration.  The  shop  drawings  may  then  be  prepared  by 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  the 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Roof 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Each  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencing  is  made  through  the  index,  which  together  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 


CHAPTER  I. 
Steel  Roof  Trusses  and  Mill  Buildings. 

Defimtions. — ^The  following  definitions  will  assist  the  reader  in  a  study  of  roof  trusses  and 
steel  frame  buildings. 

Truss. — A  truss  is  a  framed  structure  in  which  the  members  are  so  arranged  and  fastened 
at  their  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
in  the  members.  In  its  simplest  form  a  truss  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2)  that  the 
axes  of  the  members  meet  in  a  common  point  at  the  joints,  and  (5)  that  the  joints  have  friction- 
less  hinges. 

Transverse  Bent. — A  transverse  bent  consists  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudinal  movement  by  knee  braces  attached  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

Purlin. — ^A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supports  the  sheathing 
that  carries  the  roof  covering,  or  supports  the  roof  covering  directly,  or  supports  rafters. 

Rafter. — ^A  beam  that  rests  on  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
purlins.     Rafters  are  not  commonly  used  in  mill  buildings. 

Sub-purlin. — ^A  secondary  system  of  purlins  that  rest  on  the  rafters  and  are  spaced  so  as  ta 
support  the  tile  or  slate  covering  directly  without  the  use  of  sheathing. 

Sheathing. — ^A  covering  of  boards  or  reinforced  concrete  that  is  carried  on  the  purlins  or 
rafters  to  furnish  a  support  for  the  roof  covering. 

Girt — A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  either  directly 
or  to  support  the  side  sheathing. 

Monitor  Ventilator. — A  framework  at  the  top  of  the  roof  that  carries  fixed  or  movable  louvres, 
or  sash  in  the  clerestory. 

Clerestoxy. — The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Louvres. — ^Slats  made  of  metal  or  wood  which  are  placed  in  the  clerestory  of  a  monitor 
ventilator  to  keep  out  the  storm.     Louvres  may  be  fixed  or  movable.     The  opening  of  a  monitor 

*  ventilator  is  also  called  a  louvre. 

*  PaneL — ^The  distance  between  two  joints  in  a  roof  truss  or  the  distance  between  purlins. 
Bay. — ^The  distance  between  two  trusses  or  transverse  bents. 

Pitch. — ^The  pitch  of  a  truss  is  the  center  height  of  the  truss  divided  by  the  span  where  the 
truss  is  symmetrical  about  the  center  line. 

Other  terms  are  defined  when  they  are  first  used. 

Data  for  the  Design  of  Roof  Trusses  and  Steel  Fraue  Buildings. 

Weic^t  of  Roof  Trusses. — ^The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
between  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 

45  \         5  \/A/  ^^ 

where 
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iV  =  weight  of  steel  roof  truss  in  pounds; 

P  ~  capacity  of  truss  in  pounds  per  square  foot  of  horizontal  projection  of  roof  (301080  lb.); 
A  =  distance  center  to  center  of  trusses  in  feet  {8  to  30  ft.); 
L  =•  span  of  truss  in  feet; 
was  deduced  by  the  author  from  the  computed  and  shipping  weights  ot  mill  building  trusses  of 
the  Fink  type. 

Weight  of  Purlins,  Girts,  Bracing,  and  Columns. — Steel  purlins  will  weigh  from  1}  to  4  lb. 
per  sq.  ft.  of  area  covered,  depending  upon  the  spacing  and  the  capacity  of  the  trusses  and  the 
snow  load.  Girts  and  window  framing  will  weigh  from  I  i  f^  3  lb.  per  sq.  ft.  of  net  surface.  Brac- 
ing is  quite  a  variable  quantity.  The  bracing  in  the  planes  of  the  upper  and  lower  chords  will 
vary  from  }  to  i  lb.  per  sq.  ft.  of  area.  The  side  and  end  bracing,  eave  struts  and  columns  will 
weigh  about  the  same  per  sq.  ft.  of  sutface  as  the  trusses. 

Weight  of  Roof  CoTcring. — -The  weight  of  corrugated  iron  or  steel  covering  varies  from 
li  to  3  lb.  per  sq.  ft.  of  area.  The  weight  of  corrugated  stei^l  is  given  in  Table  I.  The  approxi- 
mate weight  per  square  foot  of  various  roof  coverings  is  given  in  the  following  table: 

Corrugated  steel,  without  sheathing I  to  3    lb. 

Felt  and  asphalt,  without  sheathing 3 

Tar  and  Gravel  Roofing,  without  sheathing 8  to  Ii 

Slate,  A  in.  to  i  in.,  without  sheathing 7  to  9 

Tin,  without  sheathing i  to  I 

Skylight  glass,  iV  in.  to  }  in.,  including  frames 4  to  n 

White  pine  sheathing  I  in.  thick 3 

Yellow  pine  sheathing  I  in.  thick 4 

Tiles,  flat !  15  to  ai 

Tiles,  corrugated S  to  11 

Tiles,  on  concrete  slabs 3°  to  35  ' 

Plastered  ceiling 

The  actual  weight  of  roof  coverings  should  be  calculated  if  possible. 

Snow  Loads. — The  annual  snowfall  in  different  localities  is  a  function  of  the  humidity  and 
the  latitude  and  is  quite  a  variable  quantity.  The  amount  of  snow  on  the  ground  at  one  time 
is  still  more  variable.  The  snow  loads  given  in  Fig.  i  were  proposed  by  the  author  in  "  The  Design 
«f  Steel  Mill  Buildings"  in  1903  and  have  been  generally  adopted. 
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Lolitude  in  (Degreeft 
Fig.  I.    Snow  Loai>  om  Roofs  for  Different  Latitudes,  in  Pounds  per  Square  Foot. 

One  of  the  heaviest  falls  of  snow  on  record  occunwl  at  Boulder  and  Denver,  Colorado  on 
Dec.  5  and  6,  1913,  when  36  inches  of  snow  weighing  9  lb.  per  cu.  ft.  fell  during  two  days.      Many 
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flat  roofs  were  loaded  with  a  snow  load  of  more  than  30  lb.  per  sq.  ft.  and  roofs  with  a  pitch  of  one- 
half  carried  the  full  snow  load  of  27  lb.  per  sq.  ft.  of  horizontal  projection. 

A  high  wind  may  follow  a  heavy  sleet  and  in  designing  the  trusses  the  author  would  recom- 
mend the  use  of  a  minimum  snow  and  ice  load  as  given  in  Fig.  i  for  all  slopes  of  roofs.  The 
maximum  stresses  due  to  the  sum  of  this  snow  load,  the  dead  and  wind  loads;  the  dead  and  wind 
loads;  or  of  the  maximum  snow  load  and  the  dead  load  being  used  in  designing  the  members. 

Wind  Loads. — ^The  wind  pressure,  P,  in  pounds  per  square  foot  on  a  flat  surface  normal  to 
the  direction  of  the  wind  for  any  given  velocity,  K,  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

P  «  0.004  F»  (2) 

The  pressure  on  other  than  flat  surfaces  may  be  taken  in  per  cents  of  that  given  by  formula 
(2)  as  follows:  80  per  cent  on  a  rectangular  building;  67  per  cent  on  the  convex  side  of  cylinders; 
115  to  130  per  cent  on  the  concave  side  of  cylinders,  channels  and  flat  cups;  and  130  to  170  per 
cent  on  the  concave  sides  of  spheres  and  deep  cups. 

Recent  German  specifications  for  design  of  tall  chimneys  specify  wind  loads  per  square  foot 
as  follows:  26  lb.  on  rectangular  chimneys;  67  per  cent  of  26  lb.  on  circular  chimneys;  and  71 
per  cent  of  26  lb.  on  octagonal  chimneys. 

The  official  specifications  for  the  design  of  steel  framework  in  Prussia  have  recently  been 
amplified  in  the  matter  of  wind  pressures.  For  the  wind-bracing,  as  a  whole,  the  wind  pressure 
on  the  whole  building  is  to  be  taken  as  17  lb.  per  sq.  ft.  For  proportioning  individual  frame 
members,  girts,  studs,  trusses,  etc.,  a  higher  value  of  wind  pressure  must  be  assumed,  viz.,  28  to 
34  lb.  per  sq.  ft. 

It  would  seem  that  30  lb.  per  square  foot  on  the  side  and  the  normal  component  of  a  hori- 
zontal pressure  of  30  lb.  on  the  roof  would  be  sufficient  for  all  except  exposed  locations.  If  the 
building  is  somewhat  protected  a  horizontal  pressure  of  20  lb.  per  square  foot  on  the  sides  is 
certainly  ample  for  heights  less  than,  say  30  feet. 

Wind  Pressure  on  Inclined  Surfaces. — The  wind  is  usually  taken  as  acting  horizontally 
and  the  normal  component  on  inclined  surfaces  is  calculated. 


Fig.  2. 

The  normal  component  of  the  wind  pressure  on  inclined  surfaces  has  usually  been  computed 
by  Hutton's  empirical  formula 

P„  -  P-sin^'"'*-^-'  (3) 

where  P»  equals  the  normal  component  of  the  wind  pressure,  F  equals  the  pressure  per  square 
foot  on  a  vertical  surface,  and  A  equals  the  angle  of  inclination  of  the  surface  with  the  horizontal, 
Fig.  (2). 

The  formula  due  to  Duchemin 

p.  =  f//"^.  (4) 

I  +  sin*  A 

where  P„  P  and  A  are  the  same  as  in  (3),  gives  results  considerably  larger  for  ordinary  roofs 
than  Hutton's  formula,  and  is  coming  into  quite  general  use. 
The  formula 

P„  =  P.^/45-  (5) 
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where  Pn  and  P  are  the  same  as  in  (5)  and  (4),  and  A  is  the  angle  of  inclination  of  the  surface 
in  degrees  {A  being  equal  to  or  less  than  45^),  gives  results  which  agree  very  closely  with  Hutton's 
formula,  and  is  much  more  simple. 

Hutton's  formula  (3)  is  based  on  experiments  which  were  very  crude  and  probably  erroneous. 
Duchemin's  formula  (4)  is  based  on  very  careful  experiments  and  is  now  considered  the  most 
reliable  formula  in  use.  The  Straight  Line  formula  (5)  agrees  with  experiments  quite  closely 
and  is  preferred  by  many  engineers  on  account  of  its  simplicity. 

The  values  of  Pn  as  determined  by  Hutton's,  Duchemin's  and  the  Straight  Line  formulas 
are  given  in  Fig.  3,  for  P  equals  20,  30  and  40  lb. 

It  is  interesting  to  note  that  Duchemin's  formula  with  P  equals  30  pounds  gives  practically 
the  same  values  for  roofs  of  ordinary  inclination  as  is  given  by  Hutton's  and  the  Straight  Line 
formulas  with  P  equals  40  pounds. 
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Fig.  3.    Normal  Wind  Load  on  Roof  According  to  Different  Formulas. 


Duchemin  has  also  deduced  the  formula 


P* 


2  sin'  A 


I  +  sin*  A 
where  Ph  in  (6)  equals  the  pressure  parallel  to  the  direction  of  the  wind,  Fig.  2;  and 


(6) 


P,  =  P  - 


2  sin  A  'COS  A 


1  -h  sin*  A 


(7) 


where  P\  in  (7)  equals  the  pressure  at  right  angles  to  the  direction  of  the  wind,  Fig.  2.  Pi  may 
be  an  uplifting,  a  depressing  or  a  side  pressure.  With  an  open  shed  in  exposed  positions  the 
uplifting  effect  of  the  wind  often  requires  attention.  In  that  case  the  wind  should  be  taken 
normal  to  the  inner  surface  of  the  building  on  the  leeward  side,  and  the  uplifting  force  determined 
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by  using  formula  (7).  If  the  gables  are  closed  a  deep  cup  is  formed,  and  the  normal  pressure 
should  be  increased  30  to  70  per  cent. 

That  the  uplifting  force  of  the  wind  is  often  considerable  in  exposed  localities  is  made  evident 
by  the  fact  that  highway  bridges  are  occasionally  wrecked  by  the  wind. 

The  wind  pressure  is  not  a  steady  pressure,  but  varies  in  intensity,  thus  producing  excessive 
vibrations  which  cause  the  structure  to  rock  if  the  bracing  is  not  rigid.  The  bracing  in  mill 
buildings  should  be  designed  for  initial  tension,  so  that  the  building  will  be  rigid.  Rigidity  is 
of  more  importance  than  strength  in  mill  buildings. 

Miscellaneoos  Loads. — Data  on  the  weights  of  materials  are  given  in  Chapter  II.  The 
weights  and  other  data  for  hand  cranes  are  given  in  Table  133  and  of  electric  cranes  are  given 
in  Table  130,  Part  II. 

Minimiim  Loads. — ^For  minimum  loads  to  be  calculated  on  roofs  see  §  27,  ''Specifications  for 
Steel  Frame  Buildings"  in  the  last  part  of  this  chapter. 

STRESSES  IN  ROOF  TRUSSES  AND  MILL  BUILDINGS.— For  the  calculation  of  the 
stresses  in  roof  trusses  and  in  the  framework  of  steel  frame  mill  buildings,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings." 

Design  of  Steel  Mill  Buildings. 

General  Principles  of  Design. — ^The  general  dimensions  and  the  outline  of  a  mill  building 
will  be  governed  by  local  conditions  and  requirements.  The  questions  of  light,  heat,  venti- 
lation, foundations  for  machinery,  handling  of  materials,  future  extensions,  first  cost  and  cost 
of  maintenance  should  receive  proper  attention  in  designing  the  different  classes  of  structures. 
One  or  two  of  the  above  items  often  determines  the  type  and  general  design  of  the  structure. 
Where  real  estate  is  high,  the  first  cost,  including  the  cost  of  both  land  and  structure,  causes 
the  adoption  in  many  cases  of  a  multiple  story  building,  while  on  the  other  hand  where  the  site 
is  not  too  expensive  the  single  story  shop  or  mill  is  usually  preferred.  In  coal  tipples  and  shaft 
houses  the  handling  of  materials  is  the  prime  object;  in  railway  shops  and  factories  turning  out 
heavy  machinery  or  a  similar  product,  foundations  for  the  machinery  required,  and  convenience 
in  handling  materials  are  most  important;  while  in  many  other  classes  of  structures  such  as  weaving 
sheds,  textile  mills,  and  factories  which  turn  out  a  less  bulky  product  with  light  machinery,  and 
which  employ  a  large  number  of  men,  the  principal  items  to  be  considered  in  designing  are  light, 
heat,  ventilation  and  ease  of  superintendence. 

Shops  and  factories  are  preferably  located  where  transportation  facilities  are  good,  land  is 
cheap  and  labor  plentiful.  Too  much  care  cannot  be  used  in  the  design  of  shops  and  factories 
for  the  reason  that  defects  in  design  that  cause  inconvenience  in  handling  materials  and  workmen, 
increased  cost  of  operation  and  maintenance  are  permanent  and  cannot  be  removed. 

The  best  modern  practice  inclines  toward  single  floor  shops  with  as  few  dividing  walls  and 
partitions  as  possible.  The  advantages  of  this  type  over  multiple  story  buildings  are  (i)  the 
light  is  better,  (2)  ventilation  is  better,  (3)  buildings  are  more  easily  heated,  (4)  foundations  for 
machinery  are  cheaper,  (5)  machinery  being  set  directly  on  the  ground  causes  no  vibrations  in 
the  building,  (6)  floors  are  cheaper,  (7)  workmen  are  more  directly  under  the  eye  of  the  superin- 
tendent, (8)  materials  are  more  easily  and  cheaply  handled,  (9)  buildings  admit  of  indefinite 
extension  in  any  direction,  (10)  the  cost  of  construction  is  less,  and  (11)  there  is  less  danger  from 
damage  due  to  fire. 

The  walls  of  shops  and  factories  are  made  (i)  of  brick,  stone,  or  concrete;  (2)  of  brick,  hollow 
tile  or  concrete  curtain  walls  between  steel  columns;  (3)  of  expanded  metal  and  plaster  curtain 
walls  and  glass;  (4)  of  concrete  slabs  fastened  to  the  steel  frame;  and  (5)  of  corrugated  steel  fastened 
to  the  steel  frame. 

The  roof  is  commonly  supported  by  steel  trusses  and  framework,  and  the  roofing  may  be 
slate,  tile,  tar  and  gravel  or  other  composition,  tin  or  sheet  steel,  laid  on  board  sheathing  or  on 
concrete  slabs,  tile  or  slate  supported  directly  on  the  purlins,  or  corrugated  steel  supported  on 
board  sheathing  or  directly  on  the  purlins.    Where  the  slope  of  the  roof  is  flat  a  first  grade  tar 
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and  gravel  roof,  or  some  one  of  the  patent  composition  roofs  is  used  in  preference  to  tin,  and  on  a 
steep  slope  slate  is  commonly  used  in  preference  to  tin  or  tile.  Corrugated  steel  roofing  is  much 
used  on  boiler  houses,  smelters,  forge  shops,  coal  tipples,  and  similar  structures. 

Floors  in  boiler  houses,  forge  shops  and  in  similar  structures  are  generally  made  of  cinders; 
in  round  houses  brick  floors  on  a  gravel  or  concrete  foundation  are  quite  common;  while  in  buildings 
where  men  have  to  work  at  machines  the  favorite  floor  is  a  wooden  floor  on  a  foundation  of  cinders, 
gravel,  or  tar  concrete.  Where  concrete  is  used  for  the  foundation  of  a  wooden  floor  it  should  be 
either  a  tar  or  an  asphalt  concrete,  or  a  layer  of  tar  should  be  put  on  top  of  the  cement  concrete 
to  prevent  decay.  Concrete  or  cement  floors  are  used  in  many  cases  with  good  results,  but 
they  are  not  satisfactory  where  men  have  to  stand  at  benches  or  machines.  Wooden  racks  on 
cement  floors  remove  the  above  objection  somewhat.  Where  rough  work  is  done,  the  upper  or 
wearing  surface  of  wooden  floors  is  often  made  of  yellow  pine  or  oak  plank,  while  in  the  better 
classes  of  structures,  the  top  layer  is  commonly  made  of  maple.  For  upper  floors  some  one  of 
the  common  types  of  fireproof  floors,  or  as  is  more  common  a  heavy  plank  floor  supported  on 
beams  may  be  used. 

Care  should  be  used  to  obtain  an  ample  amount  of  light  in  buildings  in  which  men  are  to 
work.  It  is  now  the  common  practice  to  make  as  much  of  the  roof  and  side  walls  of  a  trans- 
I)arent  or  translucent  material  as  practicable;  in  many  cases  fifty  per  cent  of  the  roof  surface  is 
made  of  glass,  while  skylights  equal  to  twenty-five  to  thirty  per  cent  of  the  roof  surface  are  very 
common.  Direct  sunlight  causes  a  glare,  and  is  also  objectionable  in  the  summer  on  account  of 
the  heat.  Where  windows  and  skylights  are  directly  exposed  to  the  sunlight  they  may  best  be 
curtained  with  white  muslin  cloth  which  admits  much  of  the  light  and  shades  perfectly.  The 
"saw  tooth"  type  of  roof  with  the  shorter  and  glazed  tooth  facing  the  north,  gives  the  best  light 
and  is  now  coming  into  quite  general  use. 

Plane  glass,  wire  glass,  factory  ribbed  glass,  and  translucent  fabric  are  used  for  glazing 
windows  and  skylights.  Factory  ribbed  glass  should  be  placed  with  the  ribs  vertical  for  the 
reason  that  with  the  ribs  horizontal,  the  glass  emits  a  glare  which  is  very  trying  on  the  eyes  of 
the  workmen.  Wire  netting  should  always  be  stretched  under  skylights  to  prevent  the  broken 
glass  from  falling  down,  where  wire  glass  is  not  used. 

Heating  in  large  buildings  is  generally  done  by  the  hot  blast  system  in  which  fans  draw  the 
air  across  heated  coils,  which  are  heated  by  exhaust  steam,  and  the  heated  air  is  conveyed  by 
ducts  suspended  from  the  roof  or  placed  under  the  ground.  In  smaller  buildings,  direct  radiation 
from  steam  or  hot  water  pipes  is  commonly  used. 

The  proper  unit  stresses,  minimum  size  of  sections  and  thickness  of  metal  will  depend  upon 
whether  the  building  is  to  be  permanent  or  temporary,  and  upon  whether  or  not  the  metal  is 
liable  to  be  subjected  to  the  action  of  corrosive  gases.     For  permanent  buildings  the  author 

would  recommend  16,000  lb.  per  square  inch  for  allowable  tensile,  and  16,000  —  70-  lb.  per 

r 

square  inch  for  allowable  compressive  stress  for  direct  dead,  snow  and  wind  stresses  in  trusses 
and  columns;  /  being  the  center  to  center  length  and  r  the  radius  of  gyration  of  the  member, 
both  in  inches.  For  wind  bracing  and  flexural  stresses  in  columns  due  to  wind,  add  25  per  cent 
to  the  allowable  stresses  for  dead,  snow  and  wind  loads.  For  temporary  structures  the  above 
allowable  stresses  may  be  increased  20  to  25  per  cent. 

The  minimum  size  of  angles  should  be  2"  X  2"  X  }",  and  the  minimum  thickness  of  plates 
}  in.,  for  both  permanent  and  temporary  structures.  Where  the  metal  will  be  subjected  to 
corrosive  gases  as  in  smelters  and  train  sheds,  the  allowable  stresses  should  be  decreased  20  to  25 
per  cent,  and  the  minimum  thickness  of  metal  increased  25  per  cent,  unless  the  metal  is  fully 
protected  by  an  acid-proof  coating  (at  present  the  best  paints  do  little  more  in  any  case  than 
delay  and  retard  the  corrosion). 

The  minimum  thickness  of  corrugated  steel  should  be  No.  20  gage  for  the  roof  and  No.  22 
for  the  sides;  where  there  is  certain  to  be  no  corrosion  Nos.  22  and  24  may  be  used  for  the  roof 
and  sides  respectively. 


STEEL  FRAME  MILL   BUILDINGS.  9 

Steel  Frame  Hill  Bufldincs.— The  framework  o[  a  steel  frame  mill  building  conusts  of  a 
Knes  of  transverse  bents,  which  carry  the  purlins  on  the  tops  of  the  trusses,  and  girts  on  the 
sides  of  the  columns  to  carry  the  covering.  Fig.  4.  The  framework  is  braced  by  diagonal  bracing 
in  the  planes  of  the  roof  and  the  sides  of  the  building,  and  in  the  plane  of  the  lower  chords,  A 
transverse  bent  consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  is  braced  against 
endwise  movement  by  means  of  knee  braces.  The  framing  plan  for  a  steel  frame  mill  building 
b  shown  in  Fig.  4.  Steel  mill  buildings  are  also  made  with  end  trusses  in  place  of  the  end  framing 
shown  in  Fig.  4. 
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Fic.  4.    Frauework  fok  a  Steel  Mill  Building. 

T>pec  of  Roof  Trasses. — Several  types  of  roof  trusses  are  shown  in  Fig.  5.  These  trusses 
have  been  subdivided  so  that  the  purlins  will  come  at  the  panel  points,  and  wilt  not  have  a  spacing 
Ereater  than  4  ft.  9  in.,  the  greatest  spacing  allowed  for  corrugated  steel  roofing  when  laid  wiihout 
sbcathing.  The  Fink  trusses  shown  in  (a)  to  (g)  arc  commonly  used  in  steel  frame  buildings 
and  arc  very  economical.     The  other  types  of  trusses  need  no  explanation. 

Different  methods  of  lighting  and  ventilating  buildings  through  the  roof  are  shown  in  Fig.  6. 

S«w  Tooth  Rorfs.— The  common  type  of  saw  tooth  root  is  shown  in  (m)  Fig.  6.  The  glazed 
leg  faces  the  north  and  permits  only  indirect  light  to  enter  the  building,  thus  doing  away  with 
the  glare  and  varying  intensity  of  light  in  buildings  where  direct  sunlight  enters.  In  cold  climates 
the  snow  drifts  the  gutters  nearly  full  and  causes  loss  of  light  and  also  leakage  from  the  over- 
BowixK  gutters..  The  modified  saw  tooth  roof  shown  in  (n)  was  designed  by  the  author,  to  obviate 
the  defects  in  the  common  type  of  saw  tooth  roof.  The  modified  saw  tooth  roof  permits  the 
use  of  a  greater  span  and  more  economical  pitch  than  the  common  form  shown  in  (m). 

Tnimrene  Bents. — A  number  of  the  common  forms  of  transverse  bents  are  shown  in  Fig.  7. 
TransvcTK  bents  (a),  (t),  (rf),  and  (ft)  are  used  for  boiler  houses,  shops,  etc.,  while  (c),  («),  (/) 
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(a)  30Fr'5pAN 
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Fig.  5.    Types  of  Roof  Trusses. 
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and  (g)  are  used  for  shops  or  buildings  where  the  main  part  of  the  building  is  required  to  be  covered 
by  a  crane  and  side  sheds  are  used  for  lighter  work. 

Roof  Arches. — Roof  arches  are  used  where  a  large  clear  floor  space  is  required  as  in  coliseums, 
exposition  buildings  and  train  sheds,  Fig.  8.  The  arches  are  braced  in  pairs  and  carry  the  roof 
covering.  Arches  may  have  one,  two  or  three  hinges,  or  may  be  made  without  hinges.  Three- 
hinged  arches  are  statically  determinate  structures,  while  the  stresses  in  all  other  arches  are 
statically  indeterminate.  Arches  without  hinges  are  used  for  domes.  Three-hinged  roof  arches 
have  been  commonly  used  in  America,  although  the  two-hinged  roof  arch  is  more  economical 
and  has  many  advantages.  Arches  may  have  a  horizontal  tie  as  in  the  Chicago  Stock  Pavilion 
and  the  Government  Building,  or  the  horizontal  reactions  may  be  carried  by  the  foundations 
as  in  the  St.  Louis  Coliseum,  Fig.  8.  For  the  calculation  of  the  stresses  in*  three-hinged  and  two- 
hinged  roof  arches,  see  the  author's  "The  Design  of  Steel  Mill  Buildings.'^ 

Pitch  of  Roof. — ^The  pitch  of  a  roof  is  given  in  terms  of  the  center  height  divided  by  the  span; 
for  example  a  6o-ft.  span  truss  with  J  pitch  will  have  a  center  height  of  15  ft.  The  minimum 
pitch  allowable  in  a  roof  will  depend  upon  the  character  of  the  roof  covering,  and  upon  the  kind 
of  sheathing  used.  For  corrugated  steel  laid  directly  on  purlins,  the  pitch  should  preferably  be 
not  less  than  }  (6  in.  in  12  in.),  and  the  minimum  pitch,  unless  the  joints  are  cemented,  not  less 
than  i.  Slate  and  tile  should  not  be  used  on  a  less  slope  than  \  and  preferably  not  less  than  }. 
The  lap  of  the  slate  and  tile  should  be  greater  for  the  less  pitch.  Gravel  should  never  be  used 
on  a  roof  with  a  greater  pitch  than  about  J,  and  even  then  the  composition  is  very  liable  to  run. 
Asphalt  is  inclined  to  run  and  should  not  be  used  on  a  roof  with  a  pitch  of  more  than,  say,  2  in. 
to  the  foot.  If  the  laps  are  carefully  made  and  cemented  a  gravel  and  tar  or  asphalt  roof  may  be 
practically  flat;  a  pitch  of  i  to  i  in.  to  the  foot  is,  however,  usually  preferred.  Tin  may  be  used 
on  a  roof  of  any  slope  if  the  joints  are  properly  soldered.  Most  of  the  patent  composition  roofings 
give  better  satisfaction  if  laid  on  a  roof  with  a  pitch  of  i  to  }.  Shingles  should  not  be  used  on  a 
roof  with  a  pitch  less  than  },  and  preferably  the  pitch  should  be  }  to  ). 

Pitch  of  Truss. — ^There  is  very  little  difference  in  the  weight  of  Fink  trusses  with  horizontal 
bottom  chords,  in  which  the  top  chord  has  a  pitch  of  J,  i,  or  J.  The  difference  in  weight  is  quite 
noticeable,  however,  when  the  lower  chord  is  cambered;  the  truss  with  the  J  pitch  being  then 
more  economical  than  either  the  i  or  the  J  pitch.  Cambering  the  lower  chord  of  a  truss  more 
than,  say,  1-40  of  the  span  adds  considerable  to  the  weight.  For  example  the  computed  weights 
of  a  6o-ft.  Fink  truss  with  a  horizontal  lower  chord,  and  a  60-ft.  Fink  truss  with  a  camber  of  3  ft. 
in  the  lower  chord,  showed  that  the  cambered  truss  weighed  40  per  cent  more  for  the  J  pitch  and 

15  per  cent  more  for  the  J  pitch,  than  the  truss  having  the  same  pitch  with  horizontal  lower 
chord.  It  is,  however,  desirable  for  appearance  sake  to  put  a  slight  camber  in  the  bottom  chords 
of  roof  trusses,  for  the  reason  that  to  the  eye  a  horizontal  lower  chord  will  appear  to  sag  if  viewed 
from  one  side. 

In  deciding  on  the  proper  pitch,  it  should  be  noted  that  while  the  }  pitch  gives  a  better  slope 
and  has  a  less  snow  load  than  a  roof  with  i  or  i  pitch,  it  has  a  greater  wind  load  and  more  roof 
surface.  Taking  all  things  into  consideration  \  pitch  is  probably  the  most  economical  pitch  for  a 
roof.  A  roof  with  J  pitch  is,  however,  very  nearly  as  economical,  and  should  preferably  be  used 
where  corrugated  steel  roofing  is  used  without  sheathing,  and  where  the  snow  load  is  large. 

Spacing  of  Trasses  and  Transverse  Bents. — ^The  weight  of  trusses  and  columns  per  square 
foot  of  area  decreases  as  the  spacing  increases,  while  the  weight  of  the  purlins  and  girts  per  square 
foot  of  area  increases  as  the  spacing  increases.  The  economic  spacing  of  the  trusses  is  a  function 
of  the  weight  per  square  foot  of  floor  area  of  the  truss,  the  purlins,  the  side  girts  and  the  columns, 
and  also  of  the  relative  cost  of  each  kind  of  material.  For  any  given  conditions  the  spacing 
which  makes  the  sum  of  these  quantities  a  minimum  will  be  the  economic  spacing.  It  is  desirable 
to  use  simple  rolled  sections  for  purlins  and  girts,  and  under  these  conditions  the  economic  spacing 
will  usually  be  between  16  and  25  ft.  The  smaller  value  being  about  right  for  spans  up  to,  say, 
60  ft.,  designed  for  moderate  loads,  while  the  greater  value  is  about  right  for  long  spans,  designed 
for  heavy  loads. 
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Calculations  of  a  series  of  simple  Fink  trusses  resting  on  walls  and  having  a  uniform  span 
of  60  ft.  and  different  spacings  gave  the  least  weight  per  square  foot  of  horizontal  projection  of 
the  roof  for  a  spacing  of  18  ft.,  and  the  least  weight  of  trusses  and  purlins  combing  for  a  spacing 
of  10  ft.  The  weight  of  trusses  per  square  foot  was,  however,  more  for  the  lo-ft.  spacing  than 
for  the  i8-ft.  spacing,  so  that  the  actual  cost  of  the  steel  in  the  roof  was  a  minimum  for  a  spacing 
of  about  16  ft.;  the  shop  cost  of  the  trusses  per  lb.  being  several  times  that  of  the  purlins.  Local 
conditions  and  requirements  usually  control  the  spacing  of  the  trusses  so  that  it  is  not  necessary 
that  we  know  the  economic  spacing  very  definitely. 

For  loi^  spans  the  economic  spacing  can  be  increased  by  using  rafters  supported  on  heavy 
puriins,  placed  at  greater  distances  than  would  be  required  if  the  roof  were  carried  directly  by  the 
purlins.  This  method  is  frequently  used  in  the  design  of  train  sheds  and  roofs  of  buildings  where 
plank  sheathing  is  used  to  support  slate  or  tile  coverings,  or  where  the  tiles  are  supported  by 
angle  sub-purlins  spaced  close  together  as  shown  in  Fig.  13. 

Truss  Details. — Riveted  trusses  are  commonly  used  for  mill  buildings  and  similar  structures. 
For  ordinary  loads  the  chord  sections  are  commonly  made  of  two  angles.  Fig.  10.  For  heaevy 
loads  the  chords  may  be  made  of  two  channels,  Fig.  12.  Where  the  purlins  are  not  placed  at  the 
panel  points  the  upper  chord  must  be  designed  for  flexure  as  well  as  for  direct  stress.  Two  angles 
with  a  vertical  plate  make  an  excellent  section  where  the  chord  must  take  both  direct  and  flexural 
stress.  Trusses  supported  on  masonry  walls  should  have  one  end  supported  on  sliding  plates 
for  spans  up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  should  be  used.  Shop  drawings 
of  a  steel  roof  truss  are  given  in  Fig.  10.  Details  of  the  end  connections  of  trusses  resting  on  walls 
and  fastened  to  columns  are  given  in  Fig.  11.  Details  of  truss  joints  are  given  in  Fig.  1 1.  Wher- 
ever possible,  truss  joints  should  be  so  designed  that  the  joint  will  not  be  eccentric. 

Details  of  Roof  Fnuning. — Roof  trusses  and  transverse  bents  should  be  braced  transversely 
with  vertical  framework  and  bracing  to  give  the  roof  framing  lateral  stability.  The  bracing  may 
be  placed  in  the  center  line  of  the  building  as  in  Fig.  12,  or  at  the  quarter  points  as  in  Fig.  4; 
long  span  trusses  should  be  braced  at  both  the  center  and  the  quarter  points.  Details  of  roof 
framing  giving  methods  of  bracing  roof  trusses  and  transverse  bents  are  given  in  Fig.  4,  Fig.  41,. 
and  Fig.  42. 

Details  of  a  roof  truss  and  roof  framing  to  carry  a  Ludowici  tile  roof  without  sheathing,  are 
shown  in  Fig.  13.  The  tiles  are  carried  on  sub-purlins,  the  sub-purlins  are  supported  by  rafters,, 
which  are  in  turn  supported  by  the  purlins. 

Colmmis. — ^The  common  forms  of  columns  used  in  mill  buildings  are  shown  in  Fig.  14.  For 
side  columns  with  light  loads  column  {g)  composed  of  four  angles  laced  is  very  satisfactory,  while 
for  side  columns  that  take  bending  and  heavy  loads  column  (/)  composed  of  four  angles  and  a 
plate  is  the  most  satisfactory  column.  Columns  (a),  (6),  (c),  (d),  (e)  and  (j)  are  used  to  carry 
heavy  loads.  The  I  beam  and  the  angle  columns  are  used  for  end  and  corner  columns,  respec- 
tively. Details  of  a  four  angle  laced  column  and  a  four  angle  and  plate  column  are  shown  in 
Fig.  15.  Details  of  a  heavy  column  and  a  light  column  made  of  two  channels  laced  are  shown 
in  Fig.  16. 

CORRUGATED  STEEL. — Corrugated  steel  is  rolled  to  U.  S.  standard  gage.  The  weights 
of  flat  steel  and  corrugated  steel  for  different  gages  and  thickness  are  given  in  Table  I.  Corru- 
gated siding  and  roofing  is  rolled  as  shown  in  Fig.  17.  The  special  corrugated  steel  in  (b)  Fig.  17 
is  commonly  used  for  roofing,  and  the  corrugated  steel  in  (c)  is  used  for  siding. 

The  standard  stock  lengths  vary  by  single  feet  from  4  ft.  to  10  ft.  Sheets  can  be  obtained 
as  long  as  12  ft.,  but  are  special  and  cost  5  per  cent  extra  and  will  delay  the  order. 

The  purlins  for  corrugated  steel  without  sheathing  should  be  spaced  for  a  load  of  30  lb.  per 
sq.  ft.  on  the  roof;  and  the  girts  for  25  lb.  per  sq.  ft.  on  the  sides,  as  given  in  Fig.  18. 

The  details  of  corrugated  steel  as  given  in  Fig.  19  are  standard  with  the  McClintic-Marshall 
Construction  Company  and  the  American  Bridge  Company. 
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Fastenings  for  Corrngsted  Sheeting. — Corrugated  steel  is  fastened  to  purlins  and  girts  usually 
by  the  following  fasteners. 

Straps. — ^These  are  made  of  No.  i8  U.  S.  gage  steel,  }  of  an  in.  wide.  These  straps  pass 
iround  the  purlins  and  are  riveted  to  the  sheets  at  both  ends  by  A"  diameter  rivets,  f  in.  long; 
or,  they  may  be  fastened  by  bolts.  Order  one  strap  and  two  rivets,  or  bolts,  for  each  lineal  foot 
of  girt  or  purlin,  to  which  the  corrugated  steel  is  to  be  fastened,  and  add  20  per  cent  to  the  number 
of  rivets  for  waste,  and  10  per  cent  to  the  straps  or  the  bolts.  One  thousand  rivets  will  weigh 
6  !b.;  one  bundle  of  hoop  steel  will  weigh  50  lb.  and  contains  400  lineal  feet. 
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Fig.  14.    Type?  of  Columns  for  Steel  Mill  Buildings. 


CHnck  Rivets  or  Nails, — ^These  are  special  rivets  or  nails  made  of  No.  9  Birmingham  gage 
!,  which  clinch  around  the  edge  of  the  angle  iron  or  channel  and  are  used  for  fastening  the  steel 
ithing  to  steel  purlins  or  girts.    They  are  of  the  lengths  shown  on  page  24. 
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Order  two  rivets  to  each  lineal  foot  of  purlin  or  girt  to  which  the  corrugated  steel  is  to  be 
fastened  and  add  lo  per  cent  for  waste. 

Clips  and  Bolts. — These  are  used  for  fastening  corrugated  steel  to  steel  purlios  or  girts.  Clips 
are  made  of  No.  i6,  il  in.  steel,  about  3j  in.  long,  and  are  slightly  crimped  at  one  end,  to  go  over 

Corruqafed  Roof  Steel 

Side  Lap  Z  Corrugations 


r-26'    "    afrcr 
{a) 


Special  Cor-  Roof  Steel 
Side  Lop  li  Corrugations 


r^^7i'  "     aftffr 
£nalap  for  Roof  6' 
(b) 


Corruqatea  Sidinq  Steel 
Side  Lap  I  Corrugation 
—  Covers  24'-^-Ci»&-3  24' 


v.% 


Y  2d'wiae^forec^rugaffn^ 
^£6'  "  af/er 
£na Lap  forS/aes  4" 
(CJ 


Fig.  17.     Details  c 


CosRUGATBD  Steel. 


J  « 

I.  TO 

I* 
■3  K 


3jian,L,'m  ft. 
Safe  Loads  for  Corrugated  Steel. 
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the  Hange  of  the  purlin.  The  bolts  are  of  the  same  diameter,  and  have  the  same  head  as  the  clinch 
rivets,  except  that  ihey  are  supplied  with  threads  and  nut,  and  are  about  I  in.  long.  These  clips 
and  bolts  should  not  be  used  excepting  in  special  cases,  where  the  regular  fastenings  cannot  be 
eauly  applied. 

Ifjidf  fyflj  gf  roofing  art  hb*      , 
rivtttd,  UM  c/ojmir  rnvii  jfactef 


Straps  every  A 
£*>  J"      False 


Bar  Com/ee  Satitr 
Ihtu  filnc/w 


J  Ufij/iirdlfA'.CarrJMSi&jA 


Boofihtttti/meJuji 
finish  of  i^nl  fn/ 


fkMna  twJiedmh 
/flail  ifbrH  indjhfped 
'\  ibouf  entry  i'S 

I  ^ffnyMJfixer 


fiU^MNSZ4  gage, 
or  saim  gsge  3s  nS^ 

fbri  lap- 

/llh»  10%  fm- waste 
of  sCtel straps  a»fe/^  • 


Tsbia  foramchRivHs,Nilomn 


^itfl:6}g  ^taehed  to  Eayg  Strois 
.f^^''^~^^ri^j,of>eedfeup.^<m dem.srjds^t/!^ of/icom/ga-    l/yfoer/A  48\5S  \ii\Z7 

Mm  ^'end lap  fig- roofs  gf6'pita,S' for  roof7SoF4'0ch,S''fi>rrvBFs     ^>xed6'apart-/0%lbri¥35tt 
ec  less  Chan  4^/^£c/iiarnf /ay  m'CASIattrs' Cement-   If  sida  Isps  an  io  be 
^ehsmffn'imtsJB' apart 


r^vte4 


yrati  use  aesm$  nivcs  i^'^parc  ■ 

Sa)m-^6'ir/iii,i9th*^cbimH^hsM!lap(fonecerrug3tio!>,ttlfftx^r  Cloxng 

I*- /lSm4*fbrenif/3P-    Chsaio  rivets m side  Jao  I2'csr>f./iri.  fTT      r~n 


D/ameier 


^mrts-^b  mM,peaiea9ts  ^nm  hO/i  s/ds  lap  or  one  cenvgation.mlixvet 

Z4'' ^ffm^fbrend/ap-    Chseig  rivets m side  1^  IZ'centers. 

fiASHme -astafyma^  same  gage  as  siSig,  can  ie  obt^ned  m  fblhmho 

m±remes/tes:     ,  Langilt 

Nf!6.M!l8-48^m'  f/iZO  =  48'>'IZ0'  MfZZf/.'24- 44^120'  a/o„^,^ 
M-'J^//^Z?-40VZO'  NSZ3-  40'' 96"  (h^iheetsmFo'/e%tl^^^^^^^f±- 
Seaa^rdiifTvgaUd  ffoofing  aad^m  can  tie  oitamed  48'>' t3Z'yanmig       fH/otv 

fy  6'.  Orrug^kits  a^mumatefy  Z^  *i'' 

Fig,  19.    Standaed  Details  for  Cohkugatbb  Steel. 
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Table  of  Clinch  Nah^s. 


L  Purlin  leg 
Length .... 
No.  per  lb.. 

L  Purlin  leg 
Length .... 
No.  per  lb. . 


3" 
5" 

4" 
6" 

5" 
7" 

6" 
8" 

r 

9" 

32 

29 

23 

21 

i8 

3" 
6" 

4" 
7"  or  8" 

5" 
9" 

6" 

lO" 

7" 
II" 

29 

21 

i8 

i6 

14 

In  cases  where  flashing,  cornice  work,  and  several  thicknesses  of  metal  are  to  be  fastened  at 
one  point,  rivets  or  bolts,  other  than  standard  lengths  given  will  be  needed.  Closing  rivets  \  in. 
long  and  bolts  \\  in.  long  will  usually  answer  in  these  cases. 

If  side  laps  of  corrugated  steel  are  to  be  riveted,  rivets  should  be  ordered,  one  for  each  lineal 
foot  of  side  lap,  plus  20  per  cent  for  waste. 

If  corrugated  steel  is  to  be  fastened  to  wooden  purlins  or  timber  sheathing,  order  8d  barbed 
nails  for  roofing  and  for  siding.  These  nails  should  be  spaced  one  foot  apart,  for  both  end  and  side 
laps;  add  20  per  cent  for  waste.     Ninety-six  8d  barbed  nails  weigh  i  lb. 

Corrugated  steel  for  roofing  should  be  laid  with  two  corrugations  side  lap  if  standard  or  1} 
corrugations  side  lap  if  special,  and  6  in.  end  lap.  Corrugated  steel  for  siding  should  have  one 
corrugation  side  lap  and  4  in.  end  lapw 

Louvres. — Weights  of  Shiffier  louvres  of  black  iron  or  steel  are  as  follows: 


Gage  No. 

20 
22 


Weight  per  Square  Feet. 

2.7  lb. 
2.0  lb. 


The  weight  is  obtained  from  Fig.  20,  as  follows: 


UL.1 


Fig.  20.    Louvres. 


Louvres  are  estimated  in  square  feet  =  2h  X  length. 

To  get  weight  multiply  area  by  (1.7  X  weight  per  sq.  ft.  of  flat  of  material  used). 
Ridge  Roll. — Ridge  roll  is  ordinarily  of  same  gage  as  roofing  and  black  or  galvanized  to  cor- 
respond with  same.     Ridge  roll  is  usually  made  from  an  18  in.  flat  sheet. 


Weight  of  Ridge  Roll. 


Gage  No. 

Weight,  lb.  per  lineal  ft. 

20 
22 

24 

2.4^ 

2.0 
1.6 

/ 

Black  Iron  or  Steel. 

CORRUGATED  STEEL  SHEETS. 
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TABLE  L 
Corrugated  Sheets.    American  Sheet  and  Tin  Plate  Company  Standard. 


DBSCSIPTIQN  of   CoUtUGATED   SBEBTS 


Comigatioiii 


Width.  Inches 


Nominal 


5 

3 
2i 

2 

i 


Actual 


4} 


Dei>th, 

Approz. 

Inches 


i 
i 

i 
h 
i 


Num- 
ber per 
Sheet 


6 

9 
lO 

II 

20 
26 


Width.  Inches 


Full 
Sheet 


28 
26 
26 
26 

25 
25 


Covers 
Ap- 
proz. 


24 
24 
24 
24 
24 
24 


Standard  lengths  5,  6,  7,  8,  o  and  10  feet.    Max- 
imum length,  12  icet  for  5    to  i  J"  corrugation. 


Arbas  op  Corrugated  Sheets 


60 

72 

84 
96 

108 
120 
144 


Sq.  Ft.  in  I  Sheet 


Corrugations 


ptf 


11.67 
14.00 
16.33 
18.67 
21.00 

23-33 
28.00 


3".  2i". 


.// 


10.83 
13.00 
15.17 
17.33 
19.50 
21.67 
26.00 


Ij".  f 


10.42 
12.50 
14.58 
16.67 
18.75 
20.83 
25.00 


Sheets  in  100  Sq.  Ft. 


Corrugations 


fff 


3"'J>"'  li".  f" 


8.57 

9.23 

7.14 

7.69 

6.12 

^.59 

5-36 

5-77 

4.76 

5.13 

4.29 

4.62 

3-57 

3.85 

9.60 
8.00 
6.86 
6.00 

5-33 
4.80 

4.00 


Corrugated  Sheets. — Painted. 
Weights  in  Pounds  per  100  Square  Feet. 


Nom. 
Cor- 
nig. 

Inches 


Thiclcness,  U.  S.  Standard  Gage  and  Decimals  of  an  Inch 


12 


5 
3 
2i 

2 


.109 


474 


14 


.078 


339 


339 


16 


.063 


271 
271 
271 
271 


18 


.050 


217 
217 
217 
217 


20 


.038 


163 
163 
163 
163 
170 


21 


.034 


150 
150 
150 
150 
156 


22 


.031 


136 
136 
136 

136 
142 


23 


.028 


123 
123 
123 
123 
128 


24 


.025 


no 
no 
no 
no 
114 

114 


25 


26 


.022 


96 
96 
96 
96 
100 
100 


.019 


83 

83 

83 

83 
86 

86 


27 


.017 


76 
76 
76 
76 
79 
79 


28 


.016 


68 
68 
68 
68 
72 
72 


Corrugated  Sheets. — Galvanized. 
Weights  in  Pounds  per  100  Square  Feet. 


Nom. 

Cor- 

nig. 

Inches 


Thiclcness,  U.  S.  Standard  Gage  and  Decimals  of  an  Inch 

12 

H 

16 

18 

20 

21 

22 

23 

H 

25 

26 

27 

.109 

.078 

.063 

.050 

.038 

.034 

.031 

.028 

•02  5 

.022 

.019 

.017 

354 

286 
286 
286 
286 

232 
232 
232 
232 

178 
178 
178 
178 
185 

165 
165 

165 

151 
151 
151 
151 
157 

138 
138 
138 
138 

...... 

124 
124 
124 
124 
129 
129 

III 
III 

in 
in 

98 
98 
98 
98 

lOI 
lOI 

91 
91 
91 
91 

94 
94 

488 

354 

28 


.016 


5 
3 
2i 

2 

1} 

i 


85 
85 
85 
85 
87 
87 


The  weights  per  100  square  feet  g^ven  in  preceding  tables  do  not  include  allowances  for  end 
or  side  laps.  The  following  table  gives  the  approximate  number  of  square  feet  of  sheeting  neces- 
sary to  cover  an  area  of  100  square  feet  and  is  based  on  sheets  of  standard  width,  96  inches  long. 
If  longer  or  shorter  sheets  are  used,  the  number  of  square  feet  required  will  vary  accordingly. 

Square  Feet  of  Corrugated  Sheets  to  Cover  100  Square  Feet. 


Side  Lap 


I    Corrugation , 

2 


i( 


End  Lap,  Inches 


no 

116 
123 


in 
117 
124 


3 

112 
118 

135 


113 
119 
126 


114 
120 
127 


"5 
121 

128 
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Gutters. — Eave  or  valley  gutters  should  always  be  galvanized.  Valley  gutters  should  be 
No.  20  gage.  Eave  gutters  and  conductors  should  be  No.  22  gage.  Guttera  should  be  sloped  not 
less  than  I  in.  in  15  (t. 

Weights  op  Eave  Gutteks  and  Comductoks  op  Galv.  Iron  or  Steel. 


Spuof  Roof. 

Sl«  of  Culler. 

Wt.  per  n. 

^S^dS" 

"'-.Gf^"- 

up  to    so' 
50*10    70 
70'  to  100' 

6".  No.  23 
7",  No.  21 
B",  No.  12 

1.8  lb. 

1.9  lb. 
2.1  lb. 

4  in.  every  40'  0" 

5  la.  every  40'  0" 
S  in.  eveiy  40'  0" 

lit 

J.3  lb. 

Details  of  conductors  and  downspouts  are  given  in  F^. : 


fif-V 


N-f? 


N-'i 


Type 

Ares 
Drained 

5,.n. 

She 
Satber 

Contiuctors   \ 

Oie/ji- 
Ins- 

Spaced 
Ft- 

mi 

ObcllOO 
1^00  to  1800 

mo  to  1400 

6" 
T 

s' 

4 
i 
S 

40 
40 
40 

ami 
M!3 

0  io^400 
!400t>ilOO 

aaotaioo 

4''8' 
S'k/O' 

5 
6 
6 

40 
40 
40 

Details  of  Conductors  a 


Eave  and  ^atfey  St/tters 
vsual/y  NS^O  orsame  ga^e 
Si  roof/ng- 

Slope  one  inch  in  fifteen 
Feet- 

Order  in  S  Feet  lengths- 
Conductors  uaua/fy  N~Z^ 
or  same  gage  as  siding- 


i  DowNSPOin's.    American  Bridge  Coupany. 
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Purlins. — Details  of  connections  for  purlins  used  for  a  corrugated  steel  roof  are  given  in  Fig. 

Cornice.— For  details  of  cornice  see  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
ROOF   COVERINGS.— Mill  buildings  are  covered  with  corrugated  steel  supported  directly 

on  the  purlins;  by  slate,  tile  or  cement  tile  supported  by  sub-purlins;  or  by  corrugated  steel, 
slate,  tile,  cement  tile,  shingles,  grave!  or  other  composition  roof,  or  some  one  of  the  various  pat- 
ented roofings  supported  on  sheathing.     The  sheathing  is  commonly  made  of  a  single  thiclcnesa 


PURLIN  DETAILS  FOR  CORRUGATED  STEEL  ROOF. 
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MM— — >4i« 


: : 


Lei 


+-- ^- 


ir 


Hate  -'Make  due  sllowBnce  in  P  and H  fbr  angles  wh^fi  oyer  run 


1 


a 


Channel  puHfns  over  7^ 
deep  to  have  flwgealso 
attached  to  rafters- 


•  I  '  : 


/^////l^o»/^/^ 


V^ 


ir 


\=k 


'■^^- 


1 


i—k. 


+-fl 


An&£  Pubuns 


Leg  u/j 
H  Am 


2' 

3 
3i 
4 
5 


Clip 
'le- 


i^2i 
3*21! 


/' 

2 
2i 


I' 

% 

2 
2i 


Channel  PuRUHS 


J 


hriKiCSpAi^i 


4' 

5 
6 
7 
8 
9 
10 


4kJ, 
4*i 
4^3 


2!\ 

Zi 

5 

4 

3 

H 

H 


r 

2i 
3 
3 
3 
H 


il'  m'  I*' 


r/^'»/';/i;v^/i/^ 


'Hi 


t   '        i     '  '    ' 


•  I 


:  I  •      'I      I 

1  r^aii 


WkCI^Anfk 


1 

IBeampur/iTs  over  7"(fy^svusuaBy  bolted  direct  to  rafter- 


I  Beam  Pubuns 


4' 

5 
6 

7 


3f2i 
4*i 
4x5 
5*3^ 


2i 

3 

4 


Z 

2 


F 


£ 

4 
i. 

4 

/ 
/ 


D 


2A 

2i 
3 

\ii 


/^  4  h 


^■■■^■ 


1 


^^ 


1 


M^A^P 


Zee  Barpurliis  ever 5" to  have  Flange  pundnd  Irr  cormection  to  ra/^er 


ZBarPuhuns 


3' 
4 
5 
6 


.If  .If  If 

}xZi 

ii*2i 
4x3 


l4l1 


2 

2i 
3 


6 


Z 

Zi 
3 


PurJms  crgfrts  should  extend,  where  possible,  over  two  or  more  bays  with  Joints 
staggered-  Wherepurlinsactasstruts,  use  dip  with  four  holes  ■ 

Wh&e  purlins  are  punched  for  nailtig  strips,  ^>ace  holes  about  i'O' apart  •  Bolt 
purlins  to  dips  and  clips  to  trusses  unless  otherwise  speclFied- 


Fig.  z2.    Details  op  Puklims  for  Corkucated  Steel  Roop.    American  Bridge  Company. 
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of  planks,  i  to  3  inches  thick.  The  planks  are  sometimes  laid  in  two  thicknesses  with  a  layer  of 
lime  mortar  between  the  layers  as  a  protection  against  fire.  In  fireproof  buildings  the  sheathing 
is  commonly  made  of  reinforced  concrete.  Concrete  slabs  are  sometimes  used  for  a  roof  covering, 
being  in  that  case  supported  directly  by  the  purlins,  and  sometimes  as  a  sheathing  for  a  slate  or 
tile  roof. 

The  roofs  of  smelters,  foundries,  steel  mills,  mine  structures  and  similar  structures  are  com- 
monly covered  with  corrugated  steel.  Where  the  buildings  are  to  be  heated  or  where  a  more 
substantial  roof  covering  is  desired  slate,  tile,  tin  or  a  good  grade  of  composition  roofing  is  used, 
or  the  roof  is  made  of  reinforced  concrete.  For  very  cheap  and  for  temporary  roofs  a  cheap  com- 
position roofing  is  commonly  used.  The  following  coverings  will  be  described  in  the  order  given; 
corrugated  steel,  slate,  tile,  tin,  and  tar  and  gravel.  A  slate  roof  on  reinforced  concrete  sheath- 
ing is  shown  in  Fig.  45  and  in  Fig.  46. 

CORRUGATED  STEEL  ROOFING. — Corrugated  steel  roofing  is  laid  on  plank  sheathing  or 
is  supported  directly  on  the  purlins.  Corrugated  steel  roofing  should  be  kept  well  painted  with  a 
good  paint.  Where  the  roofing  is  exposed  to  the  action  of  corrosive  gases  as  in  the  roof  of  a  smelter 
reducing  sulphur  ores,  ordinary  red  lead  or  iron  oxide  paint  is  practically  worthless  as  a  protective 
coating;  better  results  being  obtained  with  graphite  and  asphalt  paints.  Tar  paint,  made  by 
mixing  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16  parts  of  tar,  4  parts  of  Portland 
cement,  and  3  parts  of  kerosene,  by  volume,  is  an  excellent  protection  against  corrosive  gases  in 
smelters  and  similar  structures.  Galvanized  corrugated  steel  is  quite  extensively  used.  To  pre- 
vent the  condensation  of  vapor  on  the  inside  of  the  metal  roof,  corrugated  steel  roofing  should 
be  laid  on  sheathing  or  should  have  anti-condensation  lining. 

Corrugated  steel  sheets  covered  with  an  asbestos  preparation  can  now  be  obtained  on  the 
market. 

Anti-Condensation  Lining. — Anti-condensation  lining,  shown  in  Fig.  23,  consists  of  asbestos 
felt  supported  on  wire  netting  that  is  stretched  tight  and  supported  by  the  purlins.  Anti-con- 
densation lining  is  put  on  according  to  two  systems. 

Berlin  System,  (5)  Fig.  23. — (i)  Lay  galvanized  wire  netting.  No.  19,  2-in.  mesh,  trans- 
versely to  the  purlins  with  edges  about  i  i  in.  apart  so  that  when  laced  together  with  No.  20  brass 
wire  the  netting  will  be  stretched  smooth  and  tight.  When  the  purlins  are  spaced  more  than  ^  ft. 
apart  stretch  No.  9  galvanized  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  netting. 

(2)  On  the  top  of  the  wire  netting  place  a  layer  of  asbestos  paper  weighing  14  lb.  per  square 
of  100  sq.  ft.,  and  on  this  place  a  layer  of  asbestos  paper  weighing  6  lb.  per  square.  All  holes  in 
the  paper  must  be  patched  when  laid. 

(3)  On  top  of  the  asbestos  paper  lay  two  thicknesses  of  Neponset  building  paper. 

Note. — The  asbestos  and  building  paper  should  lap  3  in.  and  break  joints  12  in.  The  corru- 
gated steel  is  fastened  with  the  usual  connections.  Use  tin  washers  on  corrugated  steel  bolts 
where  there  is  danger  of  breaking  or  tearing  the  lining. 

Wire  netting,  No.  19  gage,  2-in.  mesh  comes  in  bundles  6  ft.  wide  and  150  ft.  long,  containing 
900  sq.  ft.  Asbestos  comes  in  rolls  36  in.  wide  and  is  sold  by  the  pound.  No.  20  brass  wire  is 
bought  by  the  pound,  272  lineal  ft.  weigh  one  pound.  Neponset  building  paper  comes  in  rolls 
36  in.  wide  and  250  ft.  or  500  ft.  long.  Uo  not  cut  a  roll.  Add  10  per  cent  for  laps  of  asbestos 
and  building  paper. 

Minneapolis  System,  (6)  Fig.  23. — (i)  Lay  wire  netting,  No.  19,  2-in.  mesh,  transversely  to 
the  purlins,  with  edges  i  j  in.  apart,  so  that  when  laced  together  with  No.  20  brass  wire  the  netting 
will  be  stretched  smooth  and  tight. 

(2)  On  the  top  of  the  netting  lay  asbestos  paper  weighing  30  lb.  to  the  square  of  100  sq.  ft., 
allowing  3  in.  for  laps.  For  important  work  lay  one  or  two  thicknesses  of  building  paper  on  top 
of  the  asbestos. 

(3)  Lay  the  corrugated  steel  and  fasten  to  purlins  in  the  usual  manner. 

Note, — If  wood  purlins  are  used  the  wire  netting  may  be  fastened  to  the  nailing  strips  with 
}  in.  staples.  Where  the  purlins  are  more  than  2  ft.  6  in.  centers  place  a  line  of  A  in.  bK>lts  between 
purlins,  about  2  ft.  centers,  with  washers  1  in.  X  4  in.  X  i  in.  to  prevent  netting  from  sagging. 

SLATE  ROOFING. — Roofing  slates  are  usually  made  from  J  to  J  inches  thick;  ^  inch 
being  a  very  common  thickness.  Slates  vary  in  size  from  6  in.  X  12  in.  to  24  in.  X  44  in.;  the 
sizes  varying  from  6  in.  X  12  in.  to  12  in.  X  18  in.  being  the  most  common. 
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Slates  are  laid  like  shingles  as  shown  in  Fig.  23.  The  lap  most  commonly  used  is  3  inches; 
where  less  than  the  minimum  pitch  of  }  is  used  the  lap  should  be  increased.  The  number  of  slates 
of  different  sizes  required  for  one  square  of  100  sq.  ft.  of  roof  for  a  3-in.  lap  are  given  in  Table  II. 
The  weight  of  slates  of  the  various  lengths  and  thicknesses  required  for  one  square  of  roofing, 
using  a  3-in.  lap  is  given  in  Table  III.  The  weight  of  slate  is  about  174  lb.  per  cu.  ft.  The  weight 
of  slate  per  superficial  sq.  ft.  for  different  thicknesses  is  given  in  Table  IV. 

TABLE  II. 
Number  of  Roofing  Slates  Required  to  Lay  One  Square  of  Roof  with  3-IN.  Lap. 


Size  in  Inches. 

No.  of  Slate  in 
Square. 

Size  in  Inchet. 

No.  of  Slate  in 
Square. 

Size  in  Inchet. 

No.  of  vSlate  in 
Square. 

6X  12 
7X  12 
8X  12 
9X  12 

10  X  12 

12  X  12 

7X14 

8X  14 

9X14 
10  X  14 

12X14 

533 

457 
400 

355 

320 
266 

374 
327 

291 
261 

218 

8X  16 

9X  16 

10  X  16 

12  X  16 

9X  18 

10  X  18 

11  X  18 

12  X  18 

14  X  18 

10  X  20 

11  X  20 

277 
246 

221 

184 

213 
192 

174 
160 

169 
154 

12  X  20 
14  X  20 

11  X  22 

12  X  22 

14  X  22 
12X24 

14  X  24 

16X24 
14X26 

16  X  26 

141 
121 

137 
126 

108 

"4 
86 

89 
78 

TABLE  III. 
The  Weight  of  Slate  Required  for  One  Square  of  Roof. 


Length  in 
Inches. 

Weight  in  pounds,  per  square,  for  the  thickness.                                             1 

J" 

A" 

i" 

1" 

i" 

f 

r 

i" 

12 

16 
18 

20 
22 

24 
26 

483 
460 

445 
434 

425 
418 

412 
407 

724 

688 
667 
650 

637 
626 

610 

967 
920 

890 

869 

851 
836 

825 
815 

1450 
1370 
1336 
1303 

1276 
1254 
1238 
1222 

1936 
1842 
1784 
1740 

1704 
1675 

1653 
163 1 

2419 
2301 
2229 

2174 

2129 

2093 
1066 

2039 

2902 
2760 
2670 
2607 

2553 
2508 

2478 

^445 

3872 

3683 

3567 
3480 

3408 

3350 
3306 

3263 

TABLE  IV. 
Weight  of  Slate  Per  Square  Foot. 


Thickness — in. 
Weight— lb. .  . 


i 
1.81 


A 

2.71 


i 
3.62 


i 

5-43 


7.25 


f 

9.06 


10.87 


I 
145 


The  minimum  pitch  recommended  for  a  slate  roof  is  i;  but  even  with  steeper  slopes  the  rain 
and  snow  may  be  driven  under  the  edges  of  the  slates  by  the  wind.  This  can  be  prevented  by 
laying  the  slates  in  slater's  cement.     Cemented  joints  should  always  be  used  around  eaves,  ridges 

and  chimneys. 

Slates  are  commonly  laid  on  plank  sheathing.  The  sheathing  should  be  strong  enough  to 
prevent  deflections  that  will  break  the  slate,  and  should  be  tongued  or  grooved,  or  shiplapped,  and 
dressed  on  the  upper  surface.  Concrete  sheathing  reinforced  with  wire  mesh,  expanded  metal 
or  rods  is  now  being  used  quite  extensively  for  slate  and  tile  roofs,  and  makes  a  fireproof  roof,  see 
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Fig.  46.  Tar  roofing  felt  laid  between  the  slates  and  the  sheathing  assists  materially  in  making 
the  roof  waterproof,  and  prevents  breakage  when  the  roof  is  walked  on.  The  use  of  rubber-soled 
shoes  by  the  workmen  will  materially  reduce  the  breakage  caused  by  walking  on  the  roof.  Roof- 
ing slates  may  also  be  supported  directly  on  sub-purlins.  The  details  of  this  method  are  practically 
the  same  as  for  tile  roofing,  which  see. 

When  roofing  slates  are  laid  on  sheathing  they  are  fastened  by  two  nails,  one  in  each  upper 
comer,  Fig.  23.  When  supported  directly  on  sub-purlins  the  slates  are  fastened  by  copper  or 
composition  wire.  Galvanized  and  tinned  steel  nails,  copper,  composition  and  zinc  slate  roofing 
nails  are  used.  Where  the  roof  is  to  be  exposed  to  corrosive  gases  copper,  composition  or  zinc 
nails  should  be  used. 

TILE  ROOFING. — Baked  clay  or  terra-cotta  roofing  tiles  are  made  in  many  forms  and 
sizes.  Plain  roofing  tiles  are  usually  lo}  in.  long,  6}  in.  wide  and  f  in.  thick;  weigh  from  2  to 
2}  lb.  each  and  lay  one-half  to  the  weather.  There  are  many  other  forms  of  tile  among  which 
book  tile,  Spanish  tile,  pan  tile  and  Ludowici  tile  are  well  known.  Tiles  are  also  made  of  glass 
and  are  used  in  the  place  of  skylights. 

Tiles  may  be  laid  (i)  on  plank  sheathing,  (2)  on  reinforced  concrete  sheathing,  or  (3)  may  be 
supported  directly  on  angle  sub-purlins  as  shown  in  Fig.  13.  Tiles  are  laid  on  sheathing  in  the 
same  manner  as  slates. 

The  roof  shown  in  Fig.  13  was  constructed  as  follows:  Terra-cotta  tiles,  manufactured  by 
the  Ludowici  Roofing  Tile  Co.,  Chicago,  111.,  were  laid  directly  on  the  angle  sub-purlins,  every 
fourth  tile  being  secured  to  the' angle  sub- purlins  by  a  piece  of  copper  wire.  The  tiles  were 'inter- 
locking, requiring  no  cement  except  in  exceptional  cases.  The  tiles  were  9  X  16  in.  in  size;  135 
being  sufficient  to  lay  a  square  of  100  sq.  ft.  of  roof.  These  tiles  weigh  from  750  to  800  lb.  per 
square,  and  cost  about  S6.00  per  square  at  the  factory.  Skylights  in  this  roof  were  made  by 
substituting  glass  tiles  for  the  terra-cotta  tiles.  This  and  similar  tile  have  been  used  in  this  man- 
ner on  a  large  number  of  mills  and  train  sheds  with  excellent  results. 

Tile  roofs  laid  without  sheathing  do  not  ordinarily  condense  the  steam  on  the  inner  surface 
of  the  roof  unless  the  tiles  are  glazed,  although  several  cases  have  been  brought  to  the  author's 
attention  where  the  condensation  has  caused  trouble  with  tile  roofs  made  of  porous  tiles.  Anti- 
condensation  roof  lining  should  be  used  where  there  is  danger  of  excessive  sweating,  or  a  porous 
tile  should  be  used  that  is  known  to  be  non-sweating. 

Tllf  ROOFING. — ^Two  sizes  of  tin  plates  are  in  common  use,  14  in.  X  20  in.  and  20  in.  X  28 
in.,  the  latter  size  being  most  used.  Tin  sheets  are  made  in  several  thicknesses,  the  IC,  or  No.  29 
gage  weighing  8  ounces  to  the  sq.  ft.,  and  the  IX,  or  No.  27  gage  weighing  10  ounces  to  the  sq.  ft., 
being  the  most  used.  The  standard  weight  of  a  box  of  112  sheets,  14  X  20  size  is  108  lb.  for  IC 
plate,  and  136  lb.  for  IX  plate.  Boxes  containing  imperfect  sheets  or  *'  wasters  *'  are  marked 
ICW  or  IXW.  Every  sheet  should  be  stamped  with  the  name  of  the  brand  and  the  thickness. 
The  value  of  tin  roofing  depends  upon  the  amount  of  tin  used  in  coating  and  the  uniformity  with 
which  the  iron  has  been  coated.  The  amount  of  tin  used  varies  from  8  to  47  lb.  for  a  box  of  20  X  28 
size  containing  112  sheets. 

Tin  roofing  is  laid  (i)  with  a  flat  seam,  or  (2)  with  a  standing  seam.  In  the  former  method 
the  sheets  of  tin  are  locked  into  each  other  at  the  edges,  the  seam  is  flattened  and  fastened  with 
tin  cleats  or  is  nailed  firmly  and  is  soldered  water  tight.  Rosin  is  the  best  flux  for  soldering,  al- 
though some  tinners  recommend  the  use  of  diluted  chloride  of  zinc.  For  flat  roofs  the  tin  should 
be  locked  and  soldered  at  all  joints,  and  should  be  secured  by  tin  cleats  and  not  by  nails.  For 
steep  roofs  the  tin  is  commonly  put  on  with  standing  seams,  not  soldered,  running  with  the  pitch 
of  the  roof,  and  with  cross-seams  double  locked  and  soldered.  One  or  two  layers  of  tar  paper 
should  be  placed  between  the  sheathing  and  the  tin. 

The  under  side  of  the  sheets  should  be  painted  before  laying.  Tin  roofs  should  be  painted 
every  two  or  three  years.     If  kept  well  painted  a  tin  roof  should  last  25  to  30  years. 

For  flat  seam  roofing,  using  i  in.  locks,  a  box  of  14  X  20  tin  will  cover  192  sq.  ft.,  and  for 
standing  seam,  using  |  in.  locks  and  turning  i}  and  li  in.  edges,  making  i  in.  standing  seams, 
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it  will  lay  i68  sq.  ft.  For  flat  seam  roofing,  using  i  in.  locks,  a  box  of  20  X  28  tin  will  lay  about 
399  sq.  ft.,  and  for  standing  seam,  using  }  in.  locks  and  turning  ij  and  li  in.  edges,  making  i  in. 
standing  seams,  it  will  lay  about  365  sq.  ft. 

TAR  AND  GRAVEL  ROOF.— Tar  and  gravel  roofs  are  called  three-,  four-,  five-ply,  etc., 
depending  upon  the  number  of  layers  of  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber 
sheathing  or  upon  concrete  slabs.  For  details  of  a  tar  and  gravel  roof  see  Fig.  23.  The  following 
specifications  are  taken  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

Specifications  for  Five-Plv  Tar  and  Gravel  Roof  on  Timber  Sheathing. — ^The  materials  used 
in  making  the  roof  are  i  (one])  thickness  of  sheathing  paper  or  unsaturated  felt,  5  (five)  thick- 
nesses of  saturated  felt  weighing  not  less  than  15  (fifteen)  lb.  per  square  of  one  hundred  (100) 
sq.  ft.,  single  thickness,  and  not  less  than  one  hundred  and  twenty  (120)  lb.  of  pitch,  and  not 
less  than  four  hundred  (400)  lb.  of  gravel  or  three  hundred  (300)  lb.  of  slag  from  J  to  f  in.  in  size, 
free  from  dirt,  per  square  of  one  hundred  (100)  sq.  ft.  of  completed  roof. 

The  material  shall  be  applied  as  follows:  First,  lay  the  sheathing  or  unsaturated  felt,  lapping 
each  sheet  one  in.  over  the  preceding  one.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping 
each  sheet  seventeen  (17)  in.  over  the  preceding  one,  nailing  as  often  as  may  be  necessary  to 
hold  the  sheets  in  place  until  the  remaining  felt  is  applied.  Third,  coat  the  entire  surface  of  this 
two-ply  layer  with  hot  pitch,  mopping  on  uniformly.  Fourth,  apply  three  (3)  thicknesses  of  felt, 
lappmg  each  sheet  twenty-two  (22)  in.  over  the  preceding  one,  mopping  with  hot  pitch  the  full 
width  of  the  22  in.  between  the  plies,  so  that  in  no  case  shall  felt  touch  felt.  Such  nailing  as  is 
necessary  shall  be  done  so  that  all  nails  will  be  covered  by  not  less  than  two  plies  of  felt;  fifth, 
spread  over  the  entire  surface  of  the  roof  a  uniform  coating  of  pitch,  into  which,  while  hot,  imbed 
the  gravel  or  slag.     The  gravel  or  slag  in  all  cases  must  be  dry. 

Specifications  for  Five-Piy  Tar  and  Gravel  Roof  on  Concrete  Sheathing. — The  materials 
used  shall  be  the  same  as  for  tar  and  gravel  roof  on  timber  sheathing,  except  that  the  one  thick- 
ness of  sheathing  paper  or  unsaturated  felt  may  be  omitted. 

The  matenals  shall  be  applied  as  follows:  First,  coat  the  concrete  with  hot  pitch,  mopped 
on  uniformly,  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping  each  sheet  seventeen  (17) 
in.  over  the  preceding  one,  and  mop  with  hot  pitch  the  full  width  of  the  17-in.  lap,  so  that  in  no 
case  shall  felt  touch  felt.  Third,  coat  the  entire  surface  with  hot  pitch,  mopped  on  uniformly. 
Fourth,  lay  three  (3)  thicknesses  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding 
one,  mopping  with  hot  pitch  the  full  width  of  the  22-in.  lap  between  the  plies,  so  that  in  no  case 
shall  felt  touch  felt.  Fifth,  spread  the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch, 
into  which,  while  hot,  imbed  gravel  or  slag. 

Cost  of  Five-Ply  Tar  and  Gravel  Roofing.*— The  cost  of  a  round  house  roof  in  the  middle 
west,  based  on  19 12  prices  and  containing  500  squares  of  five-ply  tar  and  gravel  roofing,  was  as 
follows. 

Cost  per  square  of  100  sq.  ft.  not  including  fixed  charges  or  profit,  not  including  sheathing. 

Sheathing  paper,  5  lb $0.12 

Pitch,  155  lb.  at  60  cents  per  100  lb 0.93 

Felt,  85  lb.  at  $1.65  per  100  lb 1.40 

Nails  and  caps 0.05 

Cleats  for  flashing 0.05 

Gravel  (about  one-seventh  yard) 23 

Labor,  including  hauling,  board  and-railroad  fare 1.15 

Total  cost  per  square $3-93 

SHOP  FLOORS. — ^Floors  for  industrial  plants  may  be  placed  on  a  foundation  resting  directly 
on  the  ground  or  may  be  self  supporting.  Several  examples  of  shop  floors  that  rest  on  the  ground 
are  shown  in  Fig.  25.  Standard  specifications  for  a  cement  floor  and  for  a  wood  floor  on  a  tar 
concrete  base  follow. 

The  following  specifications  are  from  the  author's  "  Specifications  for  Steel  Frame  Buildings." 

Specifications  for  Cement  Floor  on  a  Concrete  Base.  Materials. — ^The  cement  used  shall 
be  first-class  Portland  cement,  and  shall  pass  the  standards  of  the  American  Society  for  Testing 
Materials.  The  sand  for  the  top  finish  shall  be  clean  and  sharp  and  shall  be  retained  on  a  No.  30 
sieve  and  shall  have  passed  the  No.  20  sieve.     Broken  stone  tor  the  top  finish  shall  pass  a  i  in. 

•Am.  Ry.  Eng.  Assoc.,  Vol.  14,  p.  852. 
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screen  and  shall  be  retained  on  the  No.  20  screen.  Dust  shall  be  excluded.  The  sand  for  the 
base  shall  be  clean  and  sharp.  The  aggregate  for  the  base  shall  be  of  broken  stone  or  gravel  and 
shall  pass  a  2  in.  ring. 

Base. — On  a  thoroughly  tamped  and  compacted  subgrade  the  concrete  for  the  base  shall  be 
laid  and  thoroughly  tamped.  The  base  shall  not  be  less  than  2}  in.  thick.  Concrete  for  the 
base  shall  be  thoroughly  mixed  with  sufficient  water  so  that  some  tamping  is  required  to  bring 
the  moisture  to  the  surface.     If  old  concrete  is  used  for  the  base  the  surface  shall  be  roughened 
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Fig.  25.    Examples  of  Ground  Shop  Floors.  • 

and  thoroughly  cleaned  so  that  the  new  mortar  will  adhere.  The  roughened  surface  of  old  con- 
crete shall  then  be  thoroughly  wet  so  that  the  base  will  not  draw  water  from  the  finish  when  the 
latter  is  applied.     Before  scrubbing  the  base  with  grout  the  excess  water  shall  be  removed. 

Finish. — ^With  old  concrete  the  surface  of  the  base  shall  first  be  scrubbed  with  a  thin  grout 
of  pure  cement,  rubbed  in  with  a  broom.  On  top  of  this,  before  the  thin  coat  is  set,  a  coat  of 
finish  mixed  in  the  proportions  of  one  part  Portland  cement,  one  part  stone  broken  to  pass  a  J  in. 
ring,  and  one  part  sand  shall  be  troweled  on  using  as  much  pressure  as  possible,  so  that  it  will 
take  a  firm  bond.  After  the  finish  has  been  applied  to  the  desired  thickness  it  should  be  screeded 
aod  floated  to  a  true  surface.     Between  the  time  of  initial  and  final  set  it  shall  be  finished  by 
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skilled  workmen  with  steel  trowek  and  shall  be  woHced  to  a  final  surface.  Under  no  condition 
shall  a  dryer  be  used,  nor  shall  water  be  added  to  make  the  material  work  easily. 

SpecmcAtiofis  for  Wood  Floor  on  a  Tar  Concrete  Base.  Floor  Sleepers. — ^Sleepers  for 
carrying  the  timber  floor  shall  be  3  in.  X  3  in.  placed  18  in.  c  to  c.  After  the  subgrade  has  been 
thoroughly  tamped  and  rolled  to  an  elevation  of  4}  in.  below  the  tops  of  the  sleepers,  the  sleepers 
shall  be  placed  in  position  and  supported  on  stakes  driven  in  the  subgrade.  Before  depositing 
the  tar  concrete  the  sleepers  must  be  brought  to  a  true  level. 

Tar  Concrete  Base. — The  tar  concrete  base  shall  be  not  less'  than  4}  in.  thick  and  shall  be 
laid  as  follows:  First,  a  layer  three  (3)  in.  thick  of  coarse,  screened  gravel  thoroug^y  mixed  with 
tar,  and  tamped  to  a  hard  level  surface.  Second,  on  this  bed  spread  a  top  dres^ng  i }  in.  thick 
of  sand  heated  and  thoroughly  mixed  with  coal  tar  pitch,  in  the  proportions  of  one  (i)  part  pitch 
to  three  (%)  parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  200  to  300  d^jees  F., 
and  shall  De  thoroughly  mixed  and  carefully  tamped  into  place. 

Plank  Snb-Floor. — ^The  floor  plank  shall  be  of  sound  hemlock  or  pine  not  less  than  2  in. 
thick,  planed  on  one  side  and  one  edge  to  an  even  thickness  and  width.  The  floor  plank  is  to  be 
toe-nailed  with  4  in.  wire  nails. 

Fimahed  Flooring. — ^The  finished  flooring  is  to  be  of  m^pj|^  of  dear  stock,  }  in.  finished  thick- 
ness, thoroughly  air  and  kiln  dried  and  not  over  4  in.  wide.  The  flooring  is  to  be  i^ned  to  an  even 
thickness,  the  edges  jointed,  and  the  underside  channeled  or  ploughed.  The  finished  floor  is  to 
be  laid  at  right  angles  to  the  sub-floor,  and  each  board  neatly  fitted  at  the  ends,  brealdng  joints 
at  random.  The  floor  is  to  be  final  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagoi^  rows 
16  in.  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every  board.  The  floor  to  be 
finished  off  perfectly  smooth  on  completion. 

The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid  until  the  tar  concrete  base 
and  sub>plank  floor  are  thoroughly  dried. 
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Fig.  26.    Examples  of  Shop  Floors  Above  Ground. 

Shop  floors  above  ground  may  be  made  of  timber  resting  on  beams,  of  brick  arch  construc- 
tion, (a)  Fig.  26,  of  concrete  with  corrugated  steel  arch  centers  as  shown  in  (6),  of  reinforced  con- 
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Crete  as  shown  in  (c)  and  (d),  of  steel  filled  with  concrete  as  shown  in  (e),  (/),  (^),  (A),  or  of 
concrete  reinforced  with  Buckeye  flooring  as  shown  in  (0  or  Multiplex  flooring  as  shown  in  (J). 

Timber  FIoqtb* — ^The  Yellow  Pine  Manufacturers  Association  has  calculated  the  safe 
span  of  yellow  pine  when  used  for  mill  floors  with  fiber  stresses  of  1,200  to  1,800  lb.  per  sq.  in. 
for  live  loads  of  100  to  300  lb.  per  sq.  ft.  in  addition  to  the  weight  of  the  floor,  Table  V.  In  the 
tine  marked  "  Deflection  "  is  given  the  span  which  has  a  maximum  deflection  of  one  thirtieth  of 
an  inch  per  foot  of  span  for  the  various  live  loads.  The  modulus  of  elasticity  of  timber  was  taken 
as  1,684,800  lb.  per  sq.  in.  The  table  may  be  used  for  any  kind  of  timber  by  using  the  proper 
working  stress.  The  maximum  spans  for  fiber  stresses  less  than  1,200  lb.  per  sq.  in.  may  be  found 
as  follows:  Required  the  maximum  safe  span  for  a  timber  floor  2f  in.  thick  for  a  fiber  stress  of 
800  lb.  per  sq.  in.  and  a  live  load  of  150  lb.  per  sq.  ft.  The  span  is  approximately  the  same  as  for 
a  fiber  stress  of  1,200  lb.  per  sq.  in.  and  a  live  load  of  225  lb.  per  sq.  ft.,  »  6  ft.  11  in.;  or  for  a 
fiber  stress  of  1,600  lb.  per  sq.  in.  and  a  live  load  of  300  lb.  per  sq.  ft.,  =  6  ft.  1 1  in. 


TABLE  V. 

Allowable  Span  for  Timber  Floors. 
Yellow  Pine  Manufacturers  Association. 
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Watarpfoaflng. — For  methods  of  waterproofing  floors,  walls,  etc.,  see  methods  of  waterproofing 
bridge  floors  in  Chapter  IV. 
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WINDOWS  AND  SKY  LIGHTS.— Mill  and  mine  buildings  should  have  aa  ample  amount 
of  glazing  in  the  form  of  windows  and  sky  lights.  Plane  glass  is  made  in  tvo  thicknesses,  single 
atrength  approximately  ^  in.  thick,  and  double   strength   approximatley  1  in.    thick.      Plane 
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Fig.  29.     Data  for  Double  Hung  Weighted  Windows. 
American  Bridge  Company. 

glass  is  graded  as  AA,  A.  and  B.  The  AA  grade  being  the  best  and  the  B  grade  the  poorest 
Wire  glass  is  ^  in.  or  J  in.  thick  and  may  be  obtained  with  a  smooth  surface,  with  factory  nbs 
or  prisms.  For  ordinary  windows  double  strength  glass  gives  very  satisfactory  results.  For 
sky  lights  and  where  windows  are  liable  to  be  broken,  wire  glass  should  be  used.      The  best 
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Fig  30.    Data  for  Counter  balanced  Windows. 
American  Bkidce  Coup  any. 
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Fig.  31.     Data  for  Pivoted  Wikdows.    American  Bridge  Company. 
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"  with  twenty-one  ribs  t( 
.s  is  considerably  more  ex 


glaas  for  glazing  windows  in  industrial  plants  is  "  factory  ribbed  glas 
the  inch,  the  ribs  being  placed  on  the  inside  of  the  window.  This  gl 
pensive  than  plane  glass  but  is  much  more  satisfactory. 

Translucent  fabric  made  by  imbedding  wire  cloth  in  a  translucent  material  made  of  linseed 
oil,  is  also  used  for  glazing  in  industrial  buildings.  Translucent  fabric  will  be  charred  by  a  live 
coal  but  is  practically  lire-proof.  It  shuts  off  part  of  the  light,  making  it  possible  for  men  to  work 
under  it  without  shading. 
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Tile  amount  of  glazed  surface  rei)uired  in  mill  buildings  depends  upon  t)ie  use  to  wliich  tlie 
building  is  put,  the  material  used  in  glazing,  the  location  and  the  angle  of  the  windows  and  slty 
lights,  and  the  clearness  of  the  atmosphere.  It  is  common  to  specify  that  not  less  than  lo  per 
cent  of  the  eweiior  surface  of  mill  buildings  and  25  per  cent  of  the  exterior  surface  of  machine 
shops  should  be  glazed.  Many  industrial  plants  have  as  much  as  6o  per  cent  of  the  e 
vails  of  glass. 
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Details  of  glazed  sasb  and  window  fiamea  as  adopted  by  the  American  Bridge  Company 
are  given  in  Fig.  27  to  Fig.  34. 

VEHTIIATORS. — Mill  buildings  may  be  ventilated  by  means  of  monitor  ventilators,  or  by 
means  of  circular  ventilators.  Details  of  a  circular  ventilator  as  deugned  by  the  American  Bridge 
Company  are  shown  in  (3)  Fig.  33.  Details  of  a  standard  monitor  steel  louvre  ventilator  are 
shown  in  Fig.  35.  The  sides  of  the  monitor  ventilator  in  Fig.  42  were  fitted  with  louvres  which 
were  to  be  cloeed  in  cold  weather.  Buildings  of  this  type  should  have  glazed  sash  so  that  when 
the  ventilators  are  closed  the  light  will  not  be  cut  off.  Data  for  estimating  louvre  slats  are  given 
b  Fig..Kt, 
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Fig.  34.     Data  for  Continuous  Sliding  Sash. 
Amebican  Bridge  Company. 

WOODEN  DOORS. — Wooden  doors  are  usually  constructed  of  matched  pine  sheathing 
nailed  to  a  wooden  frame  as  shown  in  Fig.  36.  These  doors  are  made  of  white  pine.  Doors  up 
to  four  feet  in  width  should  be  swung  on  hinges;  wider  doors  should  be  made  to  slide  on  an  over- 
head track  or  should  be  counter-balanced  and  raise  vertically.  Slidii^  doors  should  be  at  least 
4  in.  wider  and  2  in.  higher  than  the  clear  opening. 
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"  Sandwich  "  doors  are  made  by  covering  a  wooden  frame  with  flat  or  corrugated  atcel. 
The  wooden  framework  of  these  doors  is  commonly  made  of  two  or  more  thicknesses  of  \  in, 
dressed  and  matched  white  pine  sheathing  not  over  4  in.  wide,  laid  diagonally  and  nailed  with 
clinch  nails.  Care  must  be  used  in  handling  sandwich  doors  made  as  above  or  they  will  warp 
out  of  shape.     Corrugated  steel  with  \\  in.  corrugations  makes  the  neatest  covering  tor  sandwich 

For  swing  doors  use  hinges  about  as  follows:  For  doors  3  ft.  X  6  ft.  or  less  use  10  in.  strap  or 
10  in.  T-hinges;  for  doors  3  ft.  X  6  ft.  to  3  ft.  X  8  ft.  use  16  in.  strap  or  16  in.  T-hinges;  for  doors 
3  ft.  X  8  ft.  to  4  ft.  X  10  ft.  use  34  in.  strap  hinges. 

STEEL  DOORS.— Details  of  a  steel  sliding  door  are  shown  in  Fig.  37.  Details  of  a  swing- 
ing siecl  door  arc  shown  in  Fig.  38.  Steel  doors  should  be  covered  with  corrugated  steel,  prefer- 
ably with  1}  in.  corrugations. 

Details  of  the  track  for  a  sliding  door  are  shown  in  Fig.  39. 

EXAMPLES  OF  STEEL  MILL  BUILDIHGS.— The  following  ejtamples  will  illustrate  the 
practice  in  the  design  of  steel  mill  buildings. 

Extun^e  of  Ketchum's  Modified  Saw  Tooth  Roof.— The  modified  form  of  saw  tooth 
roof  shown  in  (n)  Fig.  6,  was  proposed  by  the  author  in  the  first  edition  of  "  The  Design 
of  Steel  Mill  Buildings"  (1903).  This  form  of  saw  tooth  roof  has  been  used  in  the  paint 
shops  of  the  Flank  Road  Shops  of  the  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J, 
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Fig.  36.    Details  of  Wooden  Doors.    American  Bridge  Company. 
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The  building  proper  is  135  ft.  wide  by  354  ft.  long.  The  main  truiseE  are  of  the  modified  saw 
tooth  type  with  44  ft.  spans  and  a  rise  of  i,  and  are  spaced  16  ft.  centers.  The  general  details  of 
one  of  the  main  trusses  aie  shown  in  Fig.  40.     The  building  has  an  independent  steel  framing  with 
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Fig.  37.     Details  op  a  Sliding  Steel  Door.    Ambucan  Bbidgb  Coupakt. 

brick  curtain  walls  on  the  exterior.  Pilasters  24  in.  by  30  in.  are  placed  16  ft.  apart  under  the  ends 
of  the  trusses,  the  intermediate  curtain  walls  being  la  in.  thick.  The  roof  is  a  5  ply  slag  roof  laid 
on  tongued  and  grooved  spruce  sheathing,  which  is  spiked  to  3  in.  X  5  in.  spiking  strips,  which  ar« 
bolted  to  8  in.  channel  purlins  spaced  6  ft.  centers. 
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Fig.  38.     Dbtaos  of  a  Swinging  Stekl  Door,    Aheucan  Bridge  Coupanv. 
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A  Steel  Tnuisformer  Buadlng.— The  framework  of  a  steel  (rame  transformer  building  is  shown 
in  Fig.  41  and  Fig.  42.  The  trusses  are  Fink  trusses  with  the  members  made  of  angles  placed 
back  to  back.     The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles  laced,  the 


■t  i 


^ 


irr />>-■„. 

*S'o\ 

pi: 

POLLS' 

■i- 

1^ 

m^^-.rf,'. 

\     / 

I?; 

.. 

v^ 

<r\ 

/     \ 

^ 

igi 

\     / 

K 

1  < 

1  ! 

7V.a- 

1 

' 

% 

% 

S|S- 

\     / 

■' 

Ti^isy 

7Ji« 

1^.! 

/     \ 

I"! 

\     / 

\iy 

^ 

J- J- J 

/      \ 

BRAcms  w  Plane  of  Bottom  Chorb  BRAcim  in  Plane  of  Top  CNSko 
Fig.  41.    Plans  of  a  Transporuek  Building. 

section  being  I-shaped,  each  flange  being  composed  of  two  angles  placed  back  to  back  with  the 
long  legB  outstanding,  and  the  web  consisting  of  lacing.  The  columns  in  the  end  of  the  building 
are  made  of  9  in.  I-bcams.     The  main  purlins  are  made  of  5  in,  channels  @  6}  lb.,  while  the  girts 
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are  4  in.  channels  @  5I  lb.  The  purlins  are  spaced  lees  than  4  ft.  9  in.,  which  is  a  maximum  spac- 
ing where  corrugated  steel  roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by  means  of  diagonal  rods  {  io. 
in  diameter.  The  crane  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi- 
tudinally, the  diagonal  bracing  being  composed  of  angles. 
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Fig,  43.    Corrugated  Steel  Plans  for  Transformer  Building. 

CoTTuiaUd  Sled  Covering.— The  pians  for  the  corrugated  steel  covering  on  the  roof  and  rades 
a«  (bown  in  Fig.  43  and  Fig.  44.  The  corrugated  steel  for  the  roof  is  No.  aa  gage  steel  with  zj 
UL  corrugations,  while  the  corrugated  steel  for  the  sides  is  No.  24  gage  steel  with  a  J  in.  corrugations. 
Tbe  flashing  and  ridge  roll  are  made  of  No.  23  Hat  sheet  steel. 
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To  prevent  the  condensation  of  moisture  on  the  inside  of  the  steel  roof  and  the  resulting 
dripping,  anti-condensation  lining  was  used,  as  is  shown  in  Fig.  44  This  lining  was  constructed  as 
follows:  Galvanized  wire  poultry  netting  was  fastened  to  one  eave  purlin,  was  pyassed  over  the  ridge, 
stretched  tight  and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  were  woven  together 
by  means  of  wire  clips.  On  the  wire  netting  was  laid  two  layers  of  asbestos  paper  A  in.  thick, 
and  on  top  of  the  asbestos  was  laid  two  layers  of  tar  paper.  The  corrugated  steel  was  then  laid  on 
top  of  the  roof  in  the  usual  way  and  was  fastened  to  the  purlins  by  means  of  long  soft  iron  wire 
nails  spaced  as  shown  in  Fig.  44.  To  prevent  the  lining  from  sagging  stove  bolts  A  in.  in  diam- 
eter with  I  in.  X  i  in.  X  4  in.  flat  washers  on  the  lower  side  were  placed  between  the  purlins. 
The  author  would  recommend  that  the  purlins  be  spaced  not  to  exceed  2  ft.  6  in.  and  the  stove 
bolts  omitted. 
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Fig.  45.    Steel  Frame  Building  with  Plaster  Walls. 


Steel  Frame  Building  with  Plaster  Walls. — ^The  steel  frame  building  shown  in  Fig.  45  was 
covered  with  expanded  metal  and  plaster  walls  and  roof  constructed  as  follows:  The  side  walls 
were  made  by  fastening  }  in.  channels  at  12  in.  centers  to  the  steel  framework  and  then  covering 
this  framework  with  expanded  metal  wired  on.  The  expanded  metal  was  then  covered  on  the 
outside  with  a  coating  of  cement  mortar  composed  of  one  part  Portland  cement  and  two  parts 
sand,  and  on  the  inside  with  a  gypsum  plaster,  making  the  walls  about  2  in.  thick.  The  roof  con- 
sists of  a  2^  in.  concrete  slab  reinforced  with  expyanded  metal,  this  slab  being  covered  with  10  in.  X 
12  in.  slate  nailed  directly  to  the  concrete. 

Steam  Engineering  Building. — Details  of  a  transverse  bent  of  the  steam  engineering  building 
at  the  Brooklyn  Navy  Yard  are  given  in  Fig.  46. 

The  main  columns  are  spaced  48  ft.  centers  while  the  main  trusses  are  sptaced  16  ft.  centers. 
The  intermediate  trusses  are  carried  on  heavy  trusses  rigidly  fastened  to  the  main  columns.  The 
crane  girders  are  carried  on  crane  columns  that  are  fastened  to  the  main  columns  by  light  lacing. 
This  method  of  supporting  heavy  crane  girders  is  the  most  satisfactory  method  yet  proposed. 
The  building  is  well  lighted  with  glass  in  the  side  walls,  and  sky  lights  in  the  roof.  More  than  60 
per  cent  of  the  area  of  the  external  walls  and  roof  is  glazed.  Many  other  interesting  details  can 
be  obtained  from  the  drawings. 
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Fig.  46.    Steam  Engineering  Building,  Brooklyn  Navy  Yard. 


GENERAL    SPECIFICATIONS    FOR   STEEL   FRAME    BUILDINGS.* 

BY 

MILO  S.    KETCHUM, 
M.  Am.  Soc.  C.  E. 

THIRD  EDITION. 

I9I4. 

GENERAL    DESCRIPTION. 

1.  Height  of  Building. — ^The  height  of  the  building  shall  be  the  distance  from  the  top  of  the 
masonry  to  the  under  side  of  the  bottom  chord  of  the  truss. 

2.  Dimeiisions  of  Building. — ^The  width  and  length  of  the  building  shall  be  the  extreme  dis- 
tance out  to  out  of  framing  or  sheathing. 

3.  Length  of  Span. — ^The  length  of  trusses  and  girders  in  calculating  stresses  shall  be  con- 
sidemi  as  the  distance  from  center  to  center  of  end  bearings  when  supported,  and  from  end  to 
end  when  fastened  between  columns  by  connection  angles. 

^  Pitdi  of  Roof.— j-The  pitch  of  roof  for  corrugated  steel  shall  preferably  be  not  less  than 
\  (6  m.  in  12  in.),  and  in  no  case  less  than  i.  For  a  pitch  less  than  f  some  other  covering  than 
corrugated  steel  shall  be  used. 

5.  Spftdng  of  Trusses. — Trusses  shall  be  spaced  so  that  simple  shapes  may  be  used  for 
purlins.  The  spacing  should  be  about  16  ft.  for  spans  of,  say,  50  It.  and  about  20  to  22  ft.  for 
spans  of,  say,  100  ft.  For  longer  spans  than  100  ft.  the  purhns  may  be  trussed  and  the  spacing 
may  be  increased. 

6.  Spacing  of  Purlins. — Purlins  shall  be  spaced  not  to  exceed  4  ft.  9  in.  where  corrugated 
steel  is  used,  and  shall  be  placed  at  panel  points  of  the  trusses. 

7.  Form  of  Trusses. — ^The  trusses  shall  preferably  be  of  the  Fink  type  with  panels  so  sub- 
divided that  panel  points  will  come  under  the  purlins.  If  it  is  not  practicable  to  place  the  purlins 
at  panel  points,  the  upper  chords  of  the  trusses  shall  be  designed  to  take  both  the  flexural  and 
direct  stresses.     Trusses  shall  preferably  be  riveted  trusses. 

Trusses  supported  on  masonry  walls  shall  have  one  end  supported  on  sliding  plates  for  spans 
up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  shall  be  used.  No  rollers  with  a 
diameter  less  than  3  in.  shall  be  used. 

All  field  connections  of  the  steel  framework  shall  be  riveted  except  the  connections  for  purlins 
and  girts,  which  may  be  field  bolted. 

8.  Bracing. — Bracing  in  the  plane  of  the  lower  chords  shall  be  stiff;  bracing  in  the  planes  of 
the  top  chords,  the  sides  and  the  ends  may  be  made  adjustable. 

9.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures  giving  sizes  of  material,  and  such  detail  plans  as  will 
d^u'ly  snow  the  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 

10.  Detail  Plans. — ^The  successful  contractor  shall  furnish  all  working  drawings  required  by 
the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard  size 
aheets  24  in.  X  36  in.  out  to  out,  22  in.  X  34  in.  inside  the  inner  border  lines. 

11.  ApproTcd  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  bv  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

Loads. 

12.  The  trusses  shall  be  designed  to  carry  the  following  loads: 

13.  DEAD  LOADS.  Weight  of  Trusses. — ^The  weight  of  trusses  per  sq.  ft.  of  horizontal 
projection,  up  to  150  ft.  span  shall  be  calculated  by  the  formula 
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W  B  wdght  of  trusses  per  sq.  ft.  of  horizontal  projection; 

P  a  capacity  of  truss  in  pounds  per  sq.  ft.  of  horizontal  projection; 

L  *"  span  of  the  truss  in  feet; 

A  "■  distance  between  trusses  in  feet. 

*  Reprinted  from  the  author's  "  The  I>esign  of  Steel  Mill  Buildings." 
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14.  Weight  of  Covering.  Comigated  SteeL — The  weight  of  corrugated  steel  shall  be  taken 
from  Table  I. 

When  two  corrugations  side  lap  and  six  in.  end  lap  are  used,  add  25  per  cent  to  the  above 
weights;  when  one  corrugation  side  lap  and  four  in.  end  lap  are  used,  add  15  per  cent  to  the  above 
weights  to  obtain  weight  of  corrugated  steel  laid.  For  paint  add  a  lb.  per  square.  The  weight 
of  covering  shall  be  reduced  to  weight  per  sq.  ft.  of  horizontal  projection  before  combining  with 
the  weight  of  trusses. 

15.  Slate. — Slate  laid  with  3  in.  lap  shall  be  taken  at  a  weight  of  ^1  lb.  per  sq.  ft.  of  inclined 
roof  surface  for  A  in-  slate  6  in.  X  12  in.,  and  61  lb.  per  sq.  ft.  of  inchned  roof  surface  for  A  in. 
slate  12  in.  X  ^4 '"'i  ^nd  proportionately  for  other  sizes. 

16.  Tile. — Terra-cotta  tile  roofing  weighs  about  6  lb.  per  sq.  ft.  for  tile  I  in.  thick;  the  actual 
weight  of  tile  and  other  roof  coverings  not  named  shall  be  used. 

17.  Sheathing  and  Purlins. — Sheathing  of  dry  pine  lumber  shall  be  assumed  to  weigh  3  lb. 
per  ft.  and  dry  oak  purlins  4  lb.  per  ft.  board  measure. 

18.  Miscellaneous  Loads. ^The  exact  weight  of  sheathing,  purlins,  bracing,  ventilators, 
cranes,  etc.,  shall  be  calculated. 

19.  SNOW  LOADS. — Snow  loads  shall  be  taken  from  the  diagram  in  Fig.  i. 

20.  WIND  LOADS. — The  normal  wind  pressure  on  trusses  shall  be  computed  by  Duch- 
emin's  formula,  Fig.  3,  with  P  =  30  lb.  per  sq.  ft.,  except  for  buildings  in  exposed  locations, 
where  P  =  40  lb.  per  sq.  ft,  shall  be  used. 

31.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal  wind  load  of  30  lb.  per 
sq.  ft.  of  exposed  surface  for  buildings  30  ft.  and  less  to  the  eaves;  30  lb.  per  sq.  ft.  of  exposed 
surface  for  buildings  60  ft.  to  the  eaves,  and  in  proportion  for  intermediate  heights. 

23.  Uine  BuiTdinga. — Mine,  smelter  and  other  buildings  exposed  to  the  action  of  corrosive 
gases  shall  have  their  dead  loads  increased  25  per  cent. 

33.  Concentrated  Loads.— Concentrated  loads  and  crane  girders  shall  be  considered  in 
determining  dead  loads. 

34.  Purlins. — ^Furlins  shall  be  designed  to  carry  the  actual  weight  of  the  covering,  roofing 
and  purlins,  but  shall  always  be  designed  for  a  normal  load  of  not  less  than  30  lb.  per  sq.  ft. 

35.  GirtB,— Girts  shall  be  designed  for  a  normal  load  of  not  less  than  35  lb.  per  sq.  ft. 

36.  Roof  Covering.— Roof  covering  shall  be  designed  for  a  normal  load  of  not  less  than  30 
lb,  per  so.  ft. 

27.  MiniTwiitn  Loads.^No  roof  shall,  however,  be  designed  for  an  equivalent  load  of  less 
than  30  lb.  per  sq.  ft.  of  horizontal  projection. 

38.  Loads  on  Foundations. — The  loads  on  foundations  shall  not  exceed  the  following  in 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 30 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  sq.  ft. 

39.  Stresses  in  Hasour. — The  allowable  stresses  in  masonry  shall  not  exceed  the  following: 

TooB  per  Sq.  Pi.  Lb.  per  Sq.  In. 

Common  brick,  Portland  cement  mortar 12  168 

Hard  burned  brick,  Portland  cement  mortar 15  310 

Rubble  masonry,  Portland  cement  mortar 10  140 

First  class  masonry,  crystalline  sandstone  or  limestone 25  350 

First  class  masonry,  granite 30  4*0 


ent  concrete,  1-2-4 3**  4*0 

)  on  Masonry. — The  pressure  of  column  bases,  beams,  etc.,  on  masonry  shall 

lowing  in  pounds  per  sq.  in. 

ith  cement  mortar 250 

iry  with  cement  mortar 250 

ent  concrete,  I-2-4 500 

nension  sandstone  or  limestone 400 
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31.  Loads  on  Timber  Piles. — ^The  maximum  load  carried  by  a  pile  shall  not  exceed  40,000 

lb.,  or  600  lb.  per  sq.  in.  of  its  average  cross-section.     The  allowable  load  on  piles  driven  with  a 

2W'h 
drop  hammer  shall  be  determined  by  the  formula  P  =       ,       .     Where  P  =  safe  load  on  pile 

5  "t"  I 

in  tons;  W  =  weight  of  hammer  in  tons;  h  =  free  fall  of  hammer  in  ft.;  s  =  average  penetration 

for  the  last  six  blows  of  the  hammer  in  in.     Where  a  steam  hammer  is  used,  tV  is  to  be  used  in 

place  of  unity  in  the  denominator  of  the  right  hand  member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  material,  such  as  gravel,  and  not 

less  than  15  ft.  in  loam  or  soft  material. 

Proportion  of  Parts. 

32.  Allowable  Stresses. — In  proportioning  the  different  parts  of  the  structure  the  maximum 
stresses  due  to  the  combinations  of  the  dead  and  wind  load;  d^d  and  snow  load;  or  dead,  minimum 
snow  and  wind  load  are  to  be  provided  for.  Concentrated  loads  where  they  occur  must  be  pro- 
vided for. 

33.  Tensile  Stress. — ^Allowable  Unit  Tensile  Stresses  for  Structural  Steel.     For  direct  dead, 

snow  and  wind  loads. 

Lb.  per  Sq.  In. 

Shapes,  main  members,  net  section 16,000 

Bars 16,000 

Bottom  flanges  of  rolled  beams 16,000 

Shapes,  laterals,  net  section 20,000 

Iron  rods  for  laterals 20,000 

Plate  girder  webs,  shear  on  net  section . 10,000 

Shapes  liable  to  sudden  loading  as  when  used  for  crane  girders 10,000 

Expansion  rollers  per  lineal  inch 600  X  d 

where  d  =  diameter  of  roller  in  inches. 

Laterals  shall  be  designed  for  the  maximum  stresses  due  to  5,000  pounds  initial  tension  and 
the  maximum  stress  due  to  wind. 

34.  Compressive  Stress. — ^Allowable  Unit  Compressive  Stress  for  Structural  Steel.  For 
direct  dead,  snow  and  wind  loads 

S  =  16,000  —  70  - 

r 

where  S  =  allowable  unit  stress  in  lb.  per  sq.  in; 

/  =  length  of  member  in  inches  c.  to  c.  of  end  connections; 
r  «  least  radius  of  gyration  of  the  member  in  inches. 

35.  Plate  Girders. — Top  flanges  of  plate  girders  shall  have  the  same  gross  area  as  the  tension 
flanges. 

36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10,000  lb.  per  sq.  in.  of  net  section. 

37.  Alternate  Stress. — Members  and  connections  subject  to  alternate  stresses  shall  be 
designed  to  take  each  kind  of  stress. 

38.  Combined  Stress. — Members  subject  to  combined  direct  and  bending  stresses  shall  be 
proportioned  according  to  the  following  formula: 

where  5  =  stress  in  lb.  per  sq.  in.  in  extreme  fiber; 
P  =  direct  load  in  lb. ; 
A  >=  area  of  member  in  sq.  in. ; 
M  =  bending  moment  in  in-lb.; 

yi  =  distance  from  neutral  axis  to  extreme  fiber  in  inches; 
/  =  moment  of  inertia  of  member; 

/  =  length  member,  or  distance  from  point  of  zero  moment  to  end  of  member  in  inches; 
E  =  modulus  of  elasticity  =  30,000,000.  lb.  per  sq.  in. 
When  combined  direct  and  flexural  stress  due  to  wind  is  considered,  50  per  cent  may  be 
added  to  the  above  allowable  tensile  and  compressive  stresses. 

39  Stress  Due  to  Weight  of  Member. — Where  the  stress  due  to  the  weight  of  the  member  or 
due  to  an  eccentric  load  exceeds  the  allowable  stress  for  direct  loads  by  more  than  10  per  cent,  the 
section  shall  be  increased  until  the  total  stress  does  not  exceed  the  above  allowable  stress  for 
direct  loads  by  more  than  10  per  cent. 
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The  eccentric  stress  caused  by  connecting  angles  by  one  leg  when  used  as  ties  or  struts  shall 
be  calculated,  or  only  one.  leg  will  be  considered  effective. 

40.  Rivets. — Rivets  shall  be  so  spaced  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  rivet 
nole  exceed  22,000  lb.  p)er  sq.  in. 

Rivets  in  lateral  connections  may  have  stresses  25  per  cent  in  excess  of  the  above. 

Field  rivets  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  field 
rivets. 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it  is  necessary  that  con- 
nections take  tension  turned  bolts  shall  be  used. 

41.  IHns. — Pins  shall  be  proportioned  so  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin 
nole  exceed  22,000  lb.  per  sq.  in.;  n0c  the  extreme  fiber  stress  due  to  cross  bending  exceed  24,000 
lb.  per  sq.  in.  when  the  applied  forces  are  assumed  as  acting  at  the  center  of  the  members. 

42.  Plate  Girders. — Plate  girders  shall  be  proportioned  by  the  moment  of  inertia  of  their 
net  section  or  on  the  assumption  that  i  of  the  gross  area  of  the  web  is  available  as  flange  area, 
and  the  shear  is  resisted  by  the  web.  The  distance  between  centers  of  gravity  of  the  flange  areas 
shall  be  considered  as  the  effective  depth  of  the  girder. 

43.  Web  Sti£feners. — The  web  of  plate  girders  shall  have  stiffeners  at  the  ends  and  inner 
edges  of  bearing  plates,  and  at  points  of  concentrated  loads,  and  also  at  intermediate  points  where 
the  thickness  of  the  web  is  less  than  ^  of  the  unsupported  distance  between  flange  angles,  not 
farther  apart  than  the  depth  of  the  full  web  plate  with  a  maximum  limit  of  5  ft.  Stiffeners  shall 
be  designed  as  columns  for  a  length  equal  to  one-half  the  depth  of  the  girder.  Stiffener  angles 
must  have  enough  rivets  to  properly  transmit  the  shear. 

44.  Compression  flanges  of  plate  girders  shall  have  at  least  the  same  sectional  area  as  the 

tension  flanges,  and  shall  not  have  a  stress  per  sq.  in.  on  the  gross  area  greater  than  16,000  —  150  r , 

o 

where  /  =  unsupported  distance,  and  b  —  width  of  flange,  both  in  inches.     Compression  flanges 

of  plate  girders  shall  be  stayed  transversely  when  their  length  is  more  than  thirty  times  their 

width. 

45.  Rolled  Beams. — Rolled  beams  shall  be  proportioned  by  their  moment  of  inertia.  The 
depth  of  rolled  beams  in  floors  shall  not  be  less  than  ^V  of  the  s[>an.  Where  rolled  beams  or 
channels  are  used  as  roof  purlins  the  depths  shall  not  be  less  than  ^  of  the  span. 

46.  Timber. — The  allowable  stresses  in  timber  purlins  and  other  timber  shall  be  taken  from 
the  following  table. 


Allowable  Working  Unit  Stresses  in  Timber,  in  Pounds  per  Square  Inch. 


Kind  of  Timber. 


White  Oak 

Long  Leaf  Yellow  Pine. . . 
White  Pine  and  Spruce. . . 

Western  Hemlock 

Douglass  Fir 


Tmna- 

vcrse 

Loading. 

S. 


1,200 
1,300 
1,000 
1,000 
1,200 


End 
Bear- 
ing. 


1,200 
1,300 
1,000 
1,000 
1,200 


Columns 

Under  zo 

Diam- 

eterit  C. 


1,000 

1,000 

800 

800 

1,000 


Bearing 

Across 

Fiber. 


450 
300 
200 
200 
350 


Shear. 


Parallel 
to  Grain. 


200 
180 
100 
160 
180 


Longitn- 

dinal 
Shear  in 
Beams. 


110 
120 

70 
100 

no 


Modulus  of 

Elasticity. 

£. 


1,150,000 
1,610,000 
1,130,000 
1480,000 
1,510,000 


Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least  dimension.  The  unit 
stress  for  lengths  of  more  than  10  times  the  least  dimension  shall  be  reduced  by  the  following 
formula. 


C- 


lood 


where  C  =  unit  stress,  as  given  above  for  short  columns; 
P  =  allowable  unit  stress  in  lb.  per  sq.  in.; 
/  »  length  of  column  in  inches; 
d  <=  least  side  of  column  in  inches. 
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47.  Corrupted  SteeL — Corrugated  steel  shall  generally  have  2}  in.  corrugations  when  used 
for  roof  and  sides  of  buildings,  and  1}  in.  corrugations  when  used  for  lining  buildings.  The 
minimum  gage  of  corrugated  steel  shall  be  No.  22  for  roofs,  No.  24  for  sides,  and  No.  26  for  lining. 

The  gage  of  corrugated  steel  in  U.  S.  standard  gage  and  weight  per  sq.  ft.  shall  be  shown 
on  the  general  plan. 

48.  Spadng  Purlins  and  Girts. — ^The  span,  or  center  to  center  distance  of  purlins,  shall  not 
exceed  the  distance  given  in  Fig.  18  for  a  safe  load  of  30  lb.  per  sq.  ft.  Corrugated  steel  sheets 
shall  preferably  span  two  purlin  spaces.  Girts  shall  be  spaced  for  a  safe  load  of  25  lb.  per  sq.  ft. 
in  Fig.  18. 

49.  End  and  Side  Laps. — Corrugated  steel  shall  be  laid  with  two  corrugations  side  lap  and 
six  inches  end  lap  when  used  for  roofing,  and  one  corrugation  side  lap  and  four  inches  end  lap 
when  used  for  siding. 

50.  Fastening. — Corrugated  steel  shall  be  fastened  to  the  purlins  and  girts  by  means  of 
galvanized  iron  straps  i  in.  wide  by  No.  18  gage,  spaced  8  to  12  in.  apart;  by  clinch  nails  spaced 
8  to  12  in.  apart;  or  by  nailing  directly  to  spiking  strips  with  8d  barbed  nails,  spaced  8  in.  apart. 
Spiking  strips  shall  preferably  be  used  with  anti-condensation  lining.  Bolts,  nails  and  rivets 
shall  always  pass  through  the  top  of  corrugations.  Side  laps  shall  be  riveted  with  copper  or 
galvanized  iron  rivets  8  to  12  in.  apart  on  the  roof  and  i}  to  2  ft.  apart  on  the  sides. 

51.  Corrugated  Steel  Lining. — Corrugated  steel  lining  on  the  sides  shall  be  laid  with  one 
corrugation  side  lap  and  four  in.  end  lap.  Girts  for  corrugated  steel  lining  shall  be  spaced  for  a 
safe  load  of  25  lb.  per  sq.  ft.  as  given  in  Fig.  18. 

52.  Anti-Condensation  Lining. — ^Anti-condensation  roof  lining  shall  be  used  to  prevent 
dripping  in  engine  houses  and  similar  buildings,  and  shall  be  constructed  as  follows:  Galvanized 
wire  poultry  netting  is  fastened  to  one  eave  purlin  and  is  passed  over  the  ridge,  stretched  tight 
and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  are  woven  together  and  the  netting 
is  fastened  to  the  spiking  strips,  where  used,  by  means  of  small  staples.  On  the  netting  are  laid 
two  layers  of  asbestos  paper  1^  in.  thick  and  two  layers  of  tar  paper.  The  corrugated  steel  is 
then  fastened  to  the  purlins  in  the  usual  way;  ^  in.  stove  bolts  with  i  in.  X  i  in.  plate  washers 
on  the  lower  side  are  used  for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 
the  purlins  may  be  spaced  one-half  the  usual  distance  where  anti-condensation  lining  is  used  and 
the  stove  bolts  omitted.  i 

53.  Flashing. — Valleys  or  comers  around  stacks  shall  have  flashing  extending  at  least  12  in. 
above  where  water  will  stand,  and  shall  be  riveted  or  soldered,  if  necessary,  to  prevent  leakage. 

Flashing  shall  be  provided  above  doors  and  windows. 

54.  Ridge  Roll. — ^All  ridges  shall  have  a  ridge  roll  securely  fastened  to  the  corrugated  steel. 

55.  Comer  Finish. — ^AU  comers  shall  be  covered  with  standard  corner  finish  securely  fastened 
to  the  corrugated  steel. 

56.  Conoice. — At  the  gable  ends  the  cormgated  steel  on  the  roof  shall  be  securely  fastened  to  a 
finish  angle  or  channel  connected  to  the  end  of  the  purlins,  or,  where  molded  cornices  are  used, 
to  a  piece  of  timber  fastened  to  the  ends  of  the  purlins. 

57.  Gutters. — Gutters  and  conductors  shall  be  furnished  at  least  equal  to  the  requirements 
of  the  following  table: 

Span  of  Roof.  Gutter.  Conductor. 

Up     to    50  ft.  6  in.  4  in.  every  40  ft. 

50  ft.  to    70  ft.  7  in.  5  in.  every  40  ft. 

70  ft.  to  100  ft.  8  in.  5  in.  every  40  ft. 

Gutters  shall  have  a  slope  of  at  least  i  in.  in  15  ft.  Gutters  and  conductors  shall  be  made 
of  galvanized  steel  not  lighter  than  No.  24. 

58.  Ventilators. — Ventilators  shall  be  provided  and  located  so  as  to  properly  ventilate  the 
building.  They  shall  have  a  net  opening  for  each  100  sq.  ft.  of  floor  space  as  follows:  not  less 
than  one-fourth  sq.  ft.  for  clean  machine  shops  and  similar  buildings;  not  less  than  one  sq.  ft. 
for  dirty  machine  shops;  not  less  than  four  sq.  ft.  for  mills;  and  not  less  than  six  sq.  ft.  for  forge 
shops,  foundries  and  smelters. 

59.  Shutters  and  Louvres. — Openings  in  ventilators  shall  be  provided  with  shutters,  sash, 
or  k>uvTes,  or  may  be  left  open  as  specified. 

Shutters  must  be  provided  with  a  satisfactory  device  for  opening  and  closing. 

Louvres  must  be  designed  to  prevent  the  blowing  in  of  rain  and  snow,  and  must  be  made 
stiff  so  that  no  appreciable  sagging  will  occur.  They  shall  be  made  of  not  less  than  No.  20  gage 
galvanized  steel  for  flat  louvres,  and  No.  24  gage  galvanized  steel  for  corrugated  louvres. 

60.  Ciicnlar  Ventilators. — Circular  ventilators,  when  used,  must  be  designed  so  as  to  prevent 
<iown  drafts.    Net  opening  only  shall  be  used  in  calculations. 
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6i.  Windows. — ^Windows  shall  be  provided  in  the  exterior  walls  equal  to  not  less  than  lo  per 
cent  of  the  entire  exterior  surface  in  mill  buildings,  and  of  not  less  than  25  per  cent  in  machine 
shops,  factories,  washeries,  concentrators,  breakers  and  similar  buildings. 

Window  glass  up  to  12  in.  X  14  in.  may  be  single  strength,  over  12  in.  X  14  in.  the  glass 
shall  be  double  strength.  Window  glass  shall  be  A  grade  except  in  smelters,  foundries,  forge 
shops  and  similar  structures,  where  it  may  be  B  grade.  The  sash  and  frames  shall  be  constructed 
of  white  pine.  Where  buildings  are  exposed  to  fire  hazard  the  windows  shall  have  wire  glass  set 
in  metal  sash  and  frames. 

62.  Skylights. — ^At  least  half  of  the  lighting  shall  preferably  be  by  means  of  skylights,  or 
sash  in  the  sides  of  ventilators. 

Skylights  shall  be  glazed  with  wire  glass,  or  wire  netting  shall  be  stretched  beneath  the 
skylights  to  prevent  the  broken  glass  from  falling  into  the  building.  Where  there  is  danger  of 
the  skylight  glass  being  broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  glass  shall  be  carefully  set,  special  care  being  used  to  prevent  leakage.  Leakage 
and  condensation  on  the  inner  surface  of  the  glass  shall  be  carried  to  the  down-sp>outs,  or  outside 
the  building  by  condensation  gutters. 

63.  Windows  in  sides  of  buildings  shall  be  made  with  counterbalanced  sash,  and  in  venti- 
lators shall  be  made  with  sliding  or  swing  sash.  All  swinging  windows  shall  be  provided  with  a 
satisfactory  operating  device. 

64.  Doors. — Doors  are  to  be  furnished  as  specified  and  are  to  be  provided  with  hinges,  tracks, 
locks  and  bolts.  Single  doors  up  to  4  ft.  and  double  doors  up  to  8  ft.  shall  preferably  be  swung 
on  hinges;  large  doors,  double  and  single,  shall  be  arranged  to  slide  on  overhead  tracks,  or  may  be 
counterbalanced  to  lift  up  between  vertical  guides. 

Steel  doors  shall  be  firmly  braced  and  shall  be  covered  with  No.  24  corrugated  steel  with  i  J 
in.  corrugations. 

The  frames  of  sandwich  doors  shall  be  made  of  two  layers  of  }  in.  matched  white  pine,  placed 
diagonally,  and  firmly  nailed  with  clinch  nails.  The  frame  shall  be  covered  on  each  side  with  a 
layer  of  No.  26  corrugated  Pteel  with  i  i  in.  corrugations.  Locks  and  all  other  necessary  hard- 
ware shall  be  furnished  for  all  windows  and  doors. 

(Sections  6$  to  77  cover  specifications  for  tar  and  gravel  roofing  and  concrete  and  wood  floors 
which  have  already  been  given,) 

Details  of  Construction. 

78.  Details. — All  connections  and  details  shall  be  of  sufficient  strength  to  develop  the  full 
strength  of  the  member. 

79.  Pitch  of  Rivets. — The  pitch  of  rivets  shall  not  exceed  6  in.,  or  sixteen  times  the  thickness 
of  the  thinnest  outside  plate  in  the  line  of  stress,  nor  forty  times  the  thickness  of  the  thinnest 
outside  plate  at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  be  less  than  three  diameters 
of  rivet.  At  the  ends  of  compression  members  the  pitch  shall  not  exceed  four  diameters  of  the 
rivet  for  a  length  equal  to  twice  the  width  of  the  member. 

80.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  b^  i§  in.  for  }  in.  rivets,  1}  in.  for  }  in.  rivets,  i\  in.  for  |  in.  rivets,  and  i  in.  for  J  in. 
rivets,  and  to  a  rolled  edge  1 1,  i  i,  I  and  |  in.,  respectively.  The  maximum  distance  from  the 
edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Mazimum  Diameter. — The  diameter  of  the  rivets  in  angles  carrying  calculated  stresses 
shall  not  exceed  i  of  the  width  of  the  leg  in  which  they  are  driven,  except  that  |  in.  rivets  may 
be  used  in  2  in.  angles. 

82.  Diameter  of  Punch  and  Die. — The  diameter  of  the  punch  and  die  shall  be  as  specified 

in  §  147- 

83.  Net  Sections. — The  effective  diameter  of  a  driven  rivet  will  be  assumed  the  same  as 

its  diameter  before  driving.     In  deducting  the  rivet  holes  to  obtain  net  sections  in  tension  members, 
the  diameter  of  the  rivet  holes  will  be  assumed  as  J  inch  larger  than  the  undriven  rivet. 

84.  Minimum  Sections. — No  metal  of  less  thickness  than  \  in.  shall  be  used  except  for 
fillers;  and  no  angles  less  than  2"  X  2"  X  i".  The  minimum  thickness  of  metal  in  head  frames, 
rock  houses  and  coal  tipples,  coal  washers  and  coal  breakers  shall  be  A  in.,  except  for  fillers. 
No  upset  rod  shall  be  less  than  \  in.  in  diameter.     Sag  rods  may  be  as  small  as  j  in.  diameter. 

85.  Connections. — All  connections  shall  be  of  sufficient  strength  to  develop  the  full  strength 
of  the  member.  No  connections  except  for  lacing  bars  shall  have  less  than  two  rivets.  All  field 
connections  except  lacing  bars  shall  have  not  less  than  three  rivets. 

86.  Flange  Plates. — The  flange  plates  of  all  girders  shall  not  extend  beyond  the  outer  line 
of  rivets  connecting  them  to  the  angles  more  than  6  in.  nor  more  than  eight  times  the  thickness 
of  the  thinnest  plate. 
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87.  Web  Stiffeners. — ^Web  stiffeners  shall  be  in  pairs,  and  shall  have  a  close  fit  against  flange 
angles.  The  stiffeners  at  the  ends  of  plate  girders  shall  have  filler  plates.  Intermediate  stiffeners 
may  have  fillers  or  be  crimped  over  the  flange  angles.  The  rivet  pitch  in  stiffeners  shall  not  be 
greater  than  5  in. 

88.  Web  Splices. — ^Web  plates  shall  be  spliced  at  all  points  by  a  plate  on  each  side  of  the 
web,  capable  of  transmitting  the  shearing  and  bending  stresses  through  the  splice  rivets. 

89.  Net  Sections. — Net  sections  must  be  used  in  calculating  tension  members  and  in  deducting 
the  rivet  holes  they  shall  be  taken  i  in.  larger  than  the  nominal  size  of  rivet. 

90.  Pin  connected  riveted  tension  members  shall  have  a  net  section  through  the  pin  hole 
25  per  cent  in  excess  of  the  required  net  section  of  the  member.  The  net  section  back  of  the 
pin  hole  in  line  of  the  center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the  pin 
hole. 

91.  Upset  Rods. — ^All  rods  with  screw  ends,  except  sag  rods,  must  be  upset  at  the  ends  so  that 
the  diameter  at  the  base  of  the  threads  shall  be  -^  inch  larger  than  any  part  of  the  body  of  the  bar. 

92.  Upper  Chords. — Upper  chords  of  trusses  shall  have  symmetrical  cross-sections,  and  shall 
preferably  consist  of  two  angles  back  to  back. 

93.  Compression  Members. — All  other  compression  members  for  roof  trusses,  except  sub- 
struts,  shall  be  composed  of  sections  symmetrically  placed.  Sub-struts  may  consist  of  a  single 
section. 

94.  Colunuis. — Side  posts  which  take  flexure  shall  preferably  be  composed  of  4  angles  laced, 
or  4  angles  and  a  plate.  Where  side  posts  do  not  take  flexure  and  carry  heavy  loads  they  shall 
preferably  be  comp>osed  of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm. 

95.  Posts  in  end  framing  shall  preferably  be  comix>sed  of  I-beams  or  4  angles  laced.  Corner 
columns  shall  preferably  be  composed  of  one  angle. 

96.  Crane  Posts. — The  cross-bending  stress  due  to  eccentric  loading  in  columns  carrying 
cranes  shall  be  calculated.  Crane  girders  carrying  heavy  cranes  shall  be  carried  on  independent 
columns. 

97.  Batten  Plates. — Laced  compression  members  shall  be  stayed  at  the  ends  by  batten 
plates,  placed  as  near  the  end  of  the  member  as  practicable  and  having  a  length  not  less  than  the 
greatest  width  of  the  member.  The  thickness  of  batten  plates  shall  not  be  less  than  ^  of  the 
distance  between  rivet  lines  at  right  angles  to  axis  of  member. 

98.  Lacing. — Single  lacing  bars  shall  have  a  thickness  of  not  less  than  ^,  and  double  bars 
connected  by  a  rivet  at  the  intersection  of  not  less  than  -^  of  the  distance  between  the  rivets 
connecting  them  to  the  member;  they  shall  make  an  angle  not  less  than  45  degrees  with  the  axis 
of  the  member;  their  width  shall  be  in  accordance  with  the  following  standards,  generally: 

Sixe  of  Member.  Width  of  Lacins  Bars. 

For  15  in.  channels,  or  built  sections  with  3}  and  4  in.  angles..  .2}  inches  (|  in.  rivets). 
For  12,  10  and  9  in.  channels,  or  built  sections  with  3  in.  angles..  .2J  inches  (]  in.  rivets). 
For  8  and  7  in.  channels,  or  built  sections  with  2 J  in.  angles.. .  .2  inches  (J  in.  rivets). 
For  6  and  5  in.  channels,  or  built  sections  with  2  in.  angles i|  inches  (i  in.  rivets). 

Where  laced  members  are  subjected  to  bending,  the  size  of  lacing  bars  or  angles  shall  be  cal- 
culated, or  a  solid  web  plate  shall  be  used. 

99.  Pin  Plates. — All  pin  holes  shall  be  reinforced  by  additional  material  when  necessary,  so 
as  not  to  exceed  the  allowable  pressure  on  the  pins.  These  reinforcing  plates  must  contain  enough 
rivets  to  transfer  the  proportion  of  pressure  which  comes  upon  them,  and  at  least  one  plate  on 
each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  batten  plate. 

100.  VgTjfntifn  Length  of  Compression  Members. — No  compression  member  shall  have  a 
length  exceeding  125  times  its  least  radius  of  gyration  for  main  members,  nor  150  times  its  least 
radius  of  gyration  for  laterals  and  sub-members.  The  length  of  a  main  tension  member  in  which 
the  stress  is  reversed  by  wind  shall  not  exceed  150  times  its  least  radius  of  gyration. 

loi.  MaTimiim  Length  of  Tension  Members. — The  length  of  riveted  tension  members  in 
horizontal  or  inclined  position  shall  not  exceed  200  times  their  radius  of  gyration  except  for  wind 
bracii^,  which  members  may  have  a  length  equal  to  250  times  the  least  radius  of  gyration.  The 
horizontal  projection  of  the  unsupported  portion  of  the  member  is  to  be  considered  the  effective 
length. 

102.  Splices. — In  compression  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  the  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
on  each  side  of  the  joint.     Joints  with  abutting  faces  not  planed  must  be  fully  spliced. 

103.  Sptices. — Joints  in  tension  members  shall  be  fully  spliced. 

104.  Tension  Members. — Tension  members  shall  preferably  be  composed  of  angles  or 
shapes  capable  of  taking  compression  as  well  as  tension.  Flats  riveted  at  the  ends  shall  not  be 
used. 
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105.  Main  tension  members  shall  preferably  be  made  of  2  angles,  2  angles  and  a  plate,  or  2 
channels  laced.    Secondary  tension  members  may  be  made  of  a  single  shape. 

106.  Eye-Bars. — Heads  of  eye-bars  shall  be  so  proportioned  as  to  develop  the  full  strength 
of  the  bar.     The  heads  shall  be  forged  and  not  welded. 

107.  Pins. — Pins  must  be  turned  true  to  size  and  straight,  and  must  be  driven  to  place  by 
means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  f  of  the  depth  of  the  widest  bar  attached  to  it. 
The  several  members  attached  to  a  pin  shall  be  packed  so  as  to  produce  the  least  bending 
moment  on  the  pin,  and  all  vacant  spaces  must  be  filled  with  steel  or  cast  iron  fillers. 

108.  Bars  or  Rods. — Long  laterals  may  be  made  of  bars  with  clevis  or  sleeve  nut  adjustment. 
Bent  loops  shall  not  be  used. 

109.  Spacing  Trusses. — Trusses  shall  preferably  be  spaced  so  as  to  allow  the  use  of  single 
pieces  of  rolled  sections  for  purlins.     Trussed  purlins  shall  be  avoided  if  possible. 

1 10.  PurUns  and  Girts. — Purlins  and  girts  shall  preferably  be  composed  of  single  sections — 
channels,  angles  or  Z-bars,  placed  with  web  at  right  angles  to  the  trusses  and  posts  and  legs  turned 
down. 

111.  Fastening. — Purlins  and  ^irts  shall  be  attached  to  the  top  chord  of  trusses  and  to  columns 
by  means  of  angle  clips  with  two  nvets  in  each  leg. 

112.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall  be  spaced  at  distances 
apart  not  to  exceed  the  span  as  given  for  a  safe  load  of  30  lb.,  and  girts  for  a  safe  load  of  25  lb. 
as  given  in  Fig.  18. 

113.  Timber  Purlins. — ^Timber  purlins  and  girts  shall  be  attached  and  spaced  the  same  as 
steel  purlins. 

114.  Base  Plates. — Base  plates  shall  never  be  less  than  \  in.  in  thickness,  and  shall  be  of 
sufficient  thickness  and  size  so  that  the  pressure  on  the  masonry  shall  not  exceed  the  allowable 
pressures  in  §  30. 

115.  Anchors. — Columns  shall  be  anchored  to  the  foundations  b^  means  of  two  anchor 
bolts  not  less  than  i  in.  in  diameter  upset,  placed  as  wide  apart  as  practicable  in  the  plane  of  the 
wind.  The  anchorage  shall  be  calculated  to  resist  one  and  one-half  times  the  bendmg  moment 
at  the  base  of  the  columns. 

116.  Lateral  Bracing. — Lateral  bracing  shall  be  provided  in  the  plane  of  the  top  and  bottom 
chords,  sides  and  ends;  knee  braces  in  the  transverse  bents;  and  sway  bracing  wherever  necessary. 
Lateral  bracing  shall  be  desi^ne^^  for  an  initial  stress  of  5,000  lb.  in  each  member,  and  provision 
must  be  made  for  putting  this  initial  stress  into  the  members  in  erecting. 

117.  Temperature. — ^Varntions  in  temperature  to  the  extent  of  150  degrees  F.  shall  be 
provided  for. 

MATERIAL  AND  WORKMANSHIP. 

Material. 

118.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process. 

1 19.  Schedule  of  Requirements. 


Chemical  and  Physical 
Propertiea. 

Structural  Steel. 

Rivet  Sted. 

Steel  Caatinst. 

Phosphorus  Max.  {AciT'.V. 
Sulohur  maximum 

0.04  per  cent 
0.08   "      " 
0.05    "      " 

0.Q4  per  cent 
0.04   "      " 
0.04   "      " 

0.05  per  cent 
0.08    "      " 
0.05    "      " 

Ultimate  tensile  strength 
Pounds  per  square  inch 

Elongation:  min.  %  in  8"  | 

Elongation:  min.  %  in  2". .  . 

Character  of  fracture 

Cold  bends  without  fracture. 

Desired 
60,000 

1,500,000* 

Desired 
50,000 
1,500,000 

Not  less  than 
65,000 

Silky  or  fine  granular 
90«,  (/  =  3« 

Ult.  tensile  strength 

22 

Silky 

i8o«  flatt 

Ult.  tensile  strength 

Silky 
180°  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

*  See  paragraph  128. 

t  See  paragraphs  129,  130  and  131. 

X  See  paragraph  132. 
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1 20.  Allowable  Vaiiatioiis. — If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that 
desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000 
lb.  of  the  desired  ultimate. 

121.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phos- 
phorus, sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at 
the  time  of  the  pouring  of  each  melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

122.  Form  of  Specimens.  Plates,  Shapes  and  Bars. — Specimens  for  tensile  and  bending 
tests  for  plates,  shapes  and  bars  shall  be  made  by  cutting  coupons  from  the  finished  product, 
which  shall  have  both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  i ;  or  with 
both  edges  parallel;  or  they  may  be  turned  to  a  diameter  of  f  in.  for  a  length  of  at  least  9  in., 
with  enlarg^  ends. 

123.  Rivets. — Rivet  rods  shall  be  tested  as  rolled. 

124.  Pins  and  Rollers. — ^Specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in 
such  manner  that  the  center  of  the  specimen  shall  be- 1  in.  from  the  surface  of  the  bar.  The 
specimen  for  tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending 
test  shall  be  i  in.  by  }  in.  in  section. 


About  3»  t;     Parallel  Sealon. 
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Fig.  I. 


Fig.  2. 


125.  Steel  Castings. — ^The  number  of  tests  will  depend  on  the  character  and  importance 
of  the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of 
one  or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size. 
The  coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  off.  Test 
spedmeos  shall  be  of  the  form  prescribed  for  pins  and  rollers. 

126.  Amiealed  Specimens. — Material  which  is  to  be  used  without  annealing  or  further 
treatment  shall  be  tested  in  the  condition  in  which  it  comes  from  the  rolls.  When  material  is  to 
be  annealed  or  otherwise  treated  before  use,  the  specimens  for  tensile  tests  representing  such 
material  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  bar. 

127.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
mete  of  steel  as  rolled.  In  case  steel  differing  }  in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

128.  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more  than  i  in.  in 
thickness  the  following  modifications  will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  ^  in.  in  thickness  below  A  in.,  a  deduction  of  2 J  per  cent  will  be  allowed  from 
the  specified  elongation. 

(6)  For  each  J  in.  in  thickness  above  t  in.i  a  deduction  of  i  per  cent  will  be  allowed  from 
the  specified  elongation. 

Ic)  For  pins  and  rollers  over  3  in.  in  diameter  the  elongation  in  8  in.  may  be  5  per  cent  less 
than  that  specified  in  paragraph  1 19. 

129.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  i  in.  thick  shall  bend  as  called  for  in  paragraph  119. 
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130.  Thick  Material. — ^Full-sized  material  for  eye-bars  and  other  steel  i  in.  thick  and  over, 
tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin  the  diameter  of  which  is  equal  to  twice 
the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

131.  Bending  Angles. — ^Angles  }  in.  and  less  in  thickness  shall  open  flat  and  angles  i  in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This 
test  will  be  made  only  when  required  by  the  inspector. 

132.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges,  or  other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width 
and  under  shall  have  rolled  edges. 

134  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped  on  the 
end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks  on  an 
attached  metal  tag. 

135.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer 
at  his  own  cost. 

136.  Allowable  Variation  in  Weight. — ^A  variation  in  cross-section  or  weight  of  each  piece  of 
steel  of  more  than  2J  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in 
case  of  sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to 
apply  to  single  plates. 

137.  When  Ordered  to  Weight. — Plates  12 J  lb.  per  square  foot  or  heavier: 
(a)  Up  to  100  in.  wide,  2 J  per  cent  below  or  above  the  prescribed  weight. 

Plates  J  Inch  and  Over  in  Thickness. 


Thickness 
Ordered,  in. 

Nominal 
Weight,  lb. 

Width  of  Plate. 

Up  to  75  in. 

75  in.  and  up  to 
xoo  in. 

100  in.  and  up  to 
115  in. 

Over  us  in. 

5-16 

3-8 
7-16 
1-2 
9-16 

r.           5-8 

Over  5-8 

10.20 
12.75 
15.30 

17.85 
20.40 
22.95 
25.50 

10    per  cent 
8      "      " 

7      "       " 
6      "       " 

I,:  : 

4    "    " 
3i  "     " 

14    per  cent 
12      "       " 
10      "      " 
8      "      " 

h"   " 

6     "      " 
5     "      " 

18    per  cent 
16      "      " 
13      "      " 
10       "        " 

9     "      " 
8i    "      " 
8     "      " 
6J   "      " 

17  per  cent 

'3 ;;  ;; 
12 "  " 

II "  " 

10 "  " 

9 «  « 

Plates  Under  J  Inch  in  Thickness. 


Thickness 
Ordered,  in. 

Nominal  Weights 
lb.  per  sq.  ft. 

Width  of  mate.                                            | 

Up  to  so  in. 

SO  in.  and  up  to 

70  in. 

Over  70  in. 

1-8    up  to  5-32 
5-32   "    "  3-16 
3-16  "    "  1-4 

5.10  to    6.37 

6.37  "     7.65 
7.65   "   10.20 

10    per  cent 
8J    "      " 

y           ti             <( 

15    per  cent 

12§    "        " 
10      "       " 

20  per  cent 
17    "      " 
15    "      " 

(b)  One  hundred  in.  wide  and  over,  5  per  cent  above  or  below. 

138.  Plates  under  12 J  lb.  per  sq.  ft.; 

(a)  Up  to  75  in.  wide,  2}  per  cent  above  or  below. 

(b)  Seventy-five  in.  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  in.  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

139.  When  Ordered  to  Gage. — Plates  will  be  accepted  if  they  measure  not  more  than  .01 
in.  below  the  ordered  thickness. 

140.  An  excess  over  the  nominal  weight,  corresp)onding  to  the  dimensions  on  the  order, 
will  be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  preceding  tables,  one  cubic  inch 
of  rolled  steel  being  assumed  to  weigh  0.2833  lb. 
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Special  Metals. 

141.  Cast-Inm. — ^Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  tests  are  demanded  they  shall  be  made  on  the  "  Arbitra- 
tion Bar  "  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar,  i  i  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least  tV  in.  before 
rupture. 

142.  Wrought-Iron  Bars, — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform 
in  character.  It  shall  be  thoroughhr  welded  in  rolling  and  be  free  from  surface  defects.  When 
tested  in  specimens  of  the  form  of  Fig.  i,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show 
an  ultimate  strength  of  at  least  50,000  lb.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in., 
with  fracture  wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber  through  135*^,  without 
sign  of  fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece 
tested.    When  nicked  and  bent  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

Workmanship. 

143.  Genend. — ^All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 
works. 

144.  Straightening  MateriaL — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

145.  Fiidsh* — ^Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposea  to  view  neatly  finished. 

146.  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean  the 
actual  size  of  the  cold  rivet  before  heating. 

147.  Rivet  Holes. — ^When  general  reaming  is  not  required,  the  diameter  of  the  punch  for 
material  not  over  f  in.  thick  shall  be  not  more  than  ^  in.,  nor  that  of  the  die  more  than  )  in.  larger 
than  the  diameter  of  the  rivet.  The  diameter  of  the  die  shall  not  exceed  that  of  the  punch  by 
more  than  \  the  thickness  of  the  metal  punched. 

148.  Planing  and  Reaming. — In  medium  steel  over  }  of  an  in.  thick,  all  sheared  edges  shall 
be  planed  and  all  holes  shall  be  drilled  or  reamed  to  a  diameter  of  )  of  an  in.  larger  than  the  punched 
hdes,  so  as  to  remove  all  the  sheared  surface  of  the  metal.  Steel  which  does  not  satisfy  the 
drifting  test  must  have  holes  drilled. 

149.  Punching. — Punching  shall  be  accurately  done.  Slight  inaccuracy  in  the  matching  of 
holes  may  be  corrected  with  reamers.  Drifting  to  enlarge  unfair  holes  will  not  be  allowed.  Poor 
matching  of  holes  will  be  cause  for  rejection  by  the  inspector. 

150.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts  before  riveting  is  commenced.     Contact  surfaces  to  be  pamted  (see  §  182). 

151.  Ladng  Bars. — Lacin|;  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

152.  Web  Stiffeners. — Stiff eners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

153*  Splice  Plates  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i  in.  of  flange  angles. 

154.  Web  Plates. — ^Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  be  not  more  than  }  in.  scant,  unless  otherwise  called  for.  When  web  plates 
are  spliced,  not  more  than  i  in.  clearance  between  ends  of  plates  will  be  allowed. 

155.  Connection  Angles.— Connection  angles  for  girders  shall  be  flush  with  each  other  and 
correct  as  to  position  and  length  of  girder.  In  case  milling  is  required  after  riveting,  the  removal 
of  more  than  ^  in.  from  their  thickness  will  be  cause  for  rejection. 

156.  Riveting. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  dnving. 

157.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  equal  size. 
They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and  calking 
will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and  replaced. 
In  cutting  out  rivets  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If  necessary 
they  shall  be  drilled  out. 

158.  Tnmed  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  I  in. 
thick  shall  be  used  under  nut. 

159.  Members  to  be  Straight. — ^The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 
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i6o.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

i6i.  Field  Connections. — ^All  holes  for  field  rivets  in  splices  in  tension  members  carrying 
live  loads  shall  be  accurately  drilled  to  an  iron  templet  or  reamed  while  the  connecting  parts  are 
temporarily  put  together. 

162.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forg> 
ing.  Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at 
the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  with  a  silkv  fracture,  when  tested  to  rupture.  The 
thickness  of  head  and  neck  shall  not  vary  more  than  ^  in.  from  the  thickness  of  the  bar. 

163.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin  holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in  diam- 
eter than  the  pin  holes  can  be  passed  through  the  noles  at  both  ends  of  the  bars  at  the  same 
time. 

164.  Pin  Holes. — Pin  holes  shall  be  bored  true  to  gage,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  Wherever  pos- 
sible, the  boring  shall  be  done  after  the  member  b  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct  within  ^^  in.,  and  the  diameter 
of  the  hole  not  more  than  ^  in.  larger  than  that  of  the  pin,  for  pins  up  to  5  in.  diameter,  and  ^  in. 
for  larger  pins. 

166.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gage  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

167.  Pilot  Nttts  and  Field  Rivets. — ^At  least  one  pilot  and  one  driving  nut  shall  be  furnished 
for  eacti  size  of  pin  for  each  structure;  and  field  rivets  15  per  cent  plus  10  rivets  in  excess  of 
the  number  of  each  size  actually  required. 

168.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  t>e  U.  S. 
standard,  except  above  the  diameter  of  i|  in.,  when  they  shall  be  made  with  six  threads  per  in. 

169.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated  shall  be 
properly  annealed. 

170.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

171.  Welds. — ^Welds  in  steel  will  not  be  allowed. 

172.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  planing  tool  shall  correspond  with  the  direction 
of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small  details  shall  be  boxed  or 
crated. 

174.  Weight. — ^The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  fibres. 

175.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  actual  total  weight  of  the  structure  as  computed  from  the  shop 
plans  will  be  allowed  for  excess  weight. 

Additional  Specifications  When  General  Reaming  and  Planing  are  Required. 

176.  Planing  Edges. — ^Sheared  edges  and  ends  shall  be  planed  off  at  least  i  in. 

177.  Reaming. — Punched  holes  shall  be  made  with  a  punch  ^  in.  smaller  in  diameter  than 
the  nominal  size  of  the  rivets  and  shall  be  reamed  to  a  finished  diameter  of  not  more  than  ^  in. 
larger  than  the  rivet. 

178.  Reaming  after  Assembling. — ^Wherever  practicable,  reaming  shall  be  done  after  the 
pieces  forming  one  built  member  have  been  assembled  and  firmly  bolted  together.  If  necessary 
to  take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change  of  reamed  parts  will  be  allowed. 

179.  Removiiijg  Burrs. — ^The  burrs  on  all  reamed  holes  shall  be  removed  by  a  tool  counter- 
sinking about  ^  in. 

Timber. 

180.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind  shakes, 
large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength  or 
durability. 
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Painting. 

i8i.  Piinting. — ^AU  steel  work  before  leaving  the  shop  shall  be  thoroughly  cleaned  from  all 
loose  scale  and  rust,  and  be  given  one  good  coating  of  pure  boiled  linseed  oil  or  paint  as  specified, 
irell  worked  into  all  joints  and  open  spaces. 

182.  In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted  (with  paint) 
before  bein^  riveted  together. 

183.  Pieces  and  parts  which  are  not  accessible  for  painting  after  erection  shall  have  two 
coats  of  paint. 

184.  The  paint  shall  be  a  good  qualitv  of  red  lead  or  graphite  paint,  ground  with  pure  linseed 
oil,  or  such  paint  as  may  be  specified  in  the  contract. 

185.  After  the  structure  is  erected  the  iron  work  shall  be  thoroughly  and  evenly  painted 
with  two  additional  coats  of  paint,  mixed  with  pure  linseed  oil,  of  such  quality  and  color  as  may 
be  selected.  Painting  shall  Be  done  only  when  the  surface  of  the  metal  is  perfectly  dr^.  No 
painting  shall  be  done  in  wet  or  freezing  weather  unless  special  precautions  are  taken.  The  two 
field  coats  of  paint  shall  be  of  different  colors. 

186.  Machine  ^finished  surfaces  shall  be  coated  with  white  lead  and  tallow  before  shipment 
or  before  being  put  out  into  the  open  air. 

Inspection  and  Testing  at  Mill  and  the  Shops. 

187.  The  manufacturer  shall  furnish  all  facilities  for  inspecting  and  testing  weight  and  the 
quality  of  workmanship  at  the  mill  or  shop  where  material  is  fabricated.  He  shall  furnish  a 
suitable  testii^  machine  for  testing  full-sized  members  if  required. 

188.  Mill  Orders. — ^The  engineer  shall  be  furnished  with  complete  copies  of  mill  orders,  and 
no  materials  shall  be  ordered  nor  any  work  done  before  he  has  been  notified  as  to  where  the  orders 
have  been  placed  so  that  he  may  arrange  for  the  inspection. 

189.  ^op  Plans. — The  engineer  shall  be  furnished  with  approved  complete  shop  plans,  and 
must  be  notified  well  in  advance  of  the  start  of  the  work  in  the  shop  in  order  that  he  may  have  an 
inspector  on  hand  to  inspect  the  material  and  workmanship. 

190.  Shipping  Invoices. — Complete  copies  of  shipping  mvoices  shall  be  furnished  the  engineer 
with  each  shipment. 

191.  The  engineer's  inspector  shall  have  full  access,  at  all  times,  to  all  parts  of  the  mill  or 
shop  where  material  under  his  inspection  is  being  fabricated. 

192.  The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark.  Any  piece  not  sa 
marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through  ai> 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  the  speci- 
fications, this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  engineer^ 

193.  Full  Size  Tests. — Full  size  tests  of  any  finished  member  shall  be  testecf  at  the  manu- 
facturer's expense,  and  shall  be  paid  for  by  the  purchaser  at  the  contract  price  less  the  scrap  value,. 
if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory  the  material  will  not  be  paid  for  aadi 
the  members  represented  by  the  tested  member  may  be  rejected. 

Erection. 

194.  Tools. — ^The  contractor  shall  furnish  at  his  own  expense  all  necessary  tools,  staging  and 
material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove  the  same 
when  the  wofk  is  completed. 

All  field  connections  in  the  trusses  and  framework  shall  be  riveted.  Connections  of  purlins 
and  girts  may  be  bolted. 

195.  RisJks. — ^The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused 
by  the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the 
work  is  completed  and  accepted. 

196.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the 
work. 

197.  The  erection  shall  be  carried  forward  with  diligence  and  shall  be  completed  promptly. 


CHAPTER  II. 

Steel  Office  Buildings. 

Sfetlcton  ConstrocHon. — Skeleton  construction  U  a  building  where  all  external  and  intei 
loads  and  stmaes  are  transferred  from  the  top  of  the  building  to  the  foundations  by  a  skeletoi 
fmaeworiE  of  steel  or  reinforced  concrete.  In  steel  skeleton  construction  the  framework  c 
Bsu  ol  columns,  floorbeams,  girdera,  trusses,  and  diagonal  and  transverse  bracing.  The  s 
tnitKs  have  riveted  connections  and  all  connections  in  the  steel  framework  should  be  rivetec 

tin  Rasifitiag  ConBtmction. — To  protect  the  structural  steel  from  fire  the  fremeworl 
covered  with  materials  that  are  slow  heat  conducting  or  "  fireproof  material."  The  steel  fra 
vurfc  may  be  fireproofed  with  reinforced  concrete,  brick,  tiles  of  burnt  clay,  or  terra  cotta. 
trindawB  on  exposed  ddes  and  elevator  enclosures  ace  glazed  with  wire  glass  set  in  metal  frame 
in  protecrted  with  fire  shutters.  Doors  and  other  exposed  openings,  are  protected  with  fire  di 
or  ihuttert.  T^e  interior  linish,  doors,  etc.  should  be  of  metal  and  every  precaution  should 
taken  to  prevent  the  spread  of  fire.  Reinforced  concrete  fireproofing  is  usually  made  of 
foOoviDg  thickness:  For  columns,  trusses,  girders  or  other  very  important  members  at  leai 
iaches  at  <^>iicrete  outside  of  the  metal  reinforcement;  for  ordinary  beams  or  long  span  floor  si 
v  wcbea,  1}  inches  of  concrete  outside  of  the  reinforcement,  and  for  short  span  floor  arches 
•libs,  partitions  and  walls  at  least  i  inch  outside  the  metal  reinforcement.  Fireproofing  of  br 
tik  or  terra  cotta  is  usually  made  with  a  thickness  of  not  less  than  4  inches  for  columns  and 
main  framework.  Metal  flanges  should  be  protected  with  not  less  than  a  inches  of  fireproo 
at  any  point. 

TABLE  I. 


JtUtoU. 

warn. 

Materiat. 

Wdab 

ISO 

170 
170 
160 
150 

40 
160-180 

S3 

17S 

!i 
140 
160 

6il 

S 

SO 

IS 

Hemlock 

*5 

40 

SO 

Saftditone 

Slsg 

130-I: 
140 

SUic 

'       "      "       "     (moi.1) 

Tr 

"               "         granite 

490 

GUu 

Snow,  freshly  fallen 

5^3 

Plaster,  ceiling  10  to  15  lb.  per  sq.  ft. . 

Sptnee            

LIVE   LOADS. 


71 


TABLE  in. 

Floors  and  Roofs. 

MiNncuM  Live  Loads,  Pounds  per  Square  Foot. 

By  Building  Laws  of  Various  Cities. 

American  Bridge  Company. 


Kind  of  Building. 


Apartments 

Public  Rooms*  and  Halls 

Assembly  Halls 

Fixed  Seat  Auditoriums 

Movable  Seat  Auditoriums 

Churches 

Dance  Halls 

Drill  Rooms 

Riding  Schools 

Theaters 

Dwellings 

Public  Rooms* 

Hotels 

First  Floors 

Corridors 

Office  Floors 

Public  Rooms* 

\fanufacturing 

Light  Factories 

Mercantile 

Heavy  Storehouses 

Retail  Stores 

Warehouses 

Offices 

First  Floor 

Corridors 

Schools  (Qass  Rooms) 

Assembly  Rooms — ^Halls 

Sidewalks 

Stables — Carriage  Houses 

Area  less  than  500  sq.  ft 

Stairways  and  Landings 

Fire  Escapes 

Roofs— Flatt 

Horizontal  Projection  Steep  Roofs 

Superficial  Surface 

Wind  Pressure 


50 
100 

I2S 


200 

200 
200 


50 
100 

so 


100 
100 

125 


125 

250 
100 

100 


60 
125 


70 
70 
40 


I 


I- 


60 
90 


90 


90 

60 


60 


120 
120 


150 


150 

75 
150 


75 

90 
300 

75 


50 
30 


30 


V   M 

•9  a 


70 
120 


70 
70 


120 
150 


150 
120 

ISO 
100 


30 

30II 


See 


I 


60 


75 

125 

75 


75 
60 


60 


125 


250 
125 


75 
150 


75 


200 
100 


40 
20 


30 


3Sp 

s  6 


50 


125 

125 


125 

ISO 
150 
150 
125 
50 


70 


125 

125 


200 

125 

200 

70 


70 
70 


50 
50 
50! 
25 


SO 
80 

100 
80 

100 

150 


2& 


40 


100 
100 
100 
100 


I 

"    M 


o 


60 


100 


40 


SO 


80 
80 


200 

125 


60 


100 

60 
80 

200 

80 


80 
80 
40 


40 

30II 


100 

40 


so 


100 


100 

100 

50 


40 

75 


100 

40 

100 


25 
25 


20 


60 


60 
100 


150 


150 

150 

70 
150 


100 


40 


30 


60 


125 

75 
125 

125 


125 
6a 


60 


125 


250 
125 
250 
60 
150 


75 
125 

150 
75 


30 
20 


20 


*  Area  greater  than  500  square  feet, 
t  First  Floors  200.  , 

{  Slopes  less  than  20  degrees. 

{  Dead  and  live,  except  for  one  story  steel  frame  buildings,  corrugated  iron  roofs,  35  pounds. 
II  High  Buildings,  built  up  districts,  35  pounds;  14  stories  or  over,  25  pounds  at  tenth  story,  2} 
pounds  less  each  story  below. 
Figures  for  manufacturing  establishments  do  not  include  machinery. 
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LOADS  ON  FOUNDATIONS. — ^Schneider's  specifications  require  that: 

"The  live  loads  on  columns  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  areas  of  the  bases  of  the  columns  shall  be  proportioned  for  the  dead  load  only.  That  founda- 
tion which  receives  the  largest  ratio  of  live  to  dead  load  shall  be  selected  and  proportioned  for  the 
combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be  divided  by  the  area 
thus  found  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible  working  pressure  to 
be  used  for  the  dead  load  for  all  foundations." 

PRESSDItB  ON  FOUNDATIONS.— The  following  allowable  pressures  may  be  used  in 
the  absence  of  definite  data.  No  important  structure  should  be  built  without  the  making  of 
careful  tests  of  the  bearing  power  of  the  soil  upon  which  it  is  to  rest. 

The  loads  on  foundations  should  not  exceed  the  following  in  tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  day  and  firm,  coarse  sand 4 

Firm,  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  square  foot. 
The  Chicago  Building  Ordinance  (191 1)  requires  that: 

"(a)  If  the  soil 'is  a  layer  of  pure  clay  at  least  fifteen  feet  thick,  without  admixture  of  any 
foreign  substance  other  than  gravel  it  shall  not  be  loaded  to  exceed  3,500  lb.  per  sq.  ft.  If  the 
9iAi  is  a  Layer  of  pure  clay  at  least  fifteen  feet  thick  and  is  dry  and  thoroughly  compressed,  it  may  be 
knded  not  to  exceed  4,500  lb.  per  sq.  ft. 

"  (b)  If  the  soil  is  a  layer  of  firm  sand  fifteen  feet  or  more  in  thickness,  and  without  admixture 
of  day,  loam  or  other  foreign  substance,  it  shall  hot  be  loaded  to  exceed  5,000  lb.  per  sq.  ft. 

(c)  If  the  soil  is  a  mixture  of  clay  and  sand,  it  shall  not  be  loaded  to  exceed  3,000  lb.  per 
•q.  ft. 

"Foundations  shall  in  all  cases  extend  at  least  four  feet  below  the  surface  of  the  ground 
upon  which  they  are  built,  unless  footings  rest  on  bed  rock." 

FRBSSURE  ON  MASONRT. — ^The  allowable  stresses  in  masonry  and  pressures  of  beams, 
gjrders,  column  bases,  etc.  on  masonry  as  given  in  Table  VIII  represent  good  practice. 


TABLE  VIII. 
Allowable  Stresses  in  Masonry  and  Pressures  of  Bearing  Plates. 


Kind  of  Maaonry. 

Safe  Stresses  in 

Masonry,  Lb.  per 

Sq.  In. 

Safe  Pressures  of  Walls. 
Plates  and  Columns  on 
Masonry,  Lb.  per  Sq.  In. 

Common  Brick,  Portland  Cement  Mortar 

Hard  burned  brick,  Portland  Cement  Mortar 

Rubble  Masonry,  Portland  Cement  Mortar 

First  Class  Masonry,  Sandstone 

170 
210 
170 
280 
400 
300 
400 
400 
300 

250 
300 
250 

350 
600 

1^ 

600 
400 

First  Class  Masonry,  Crystallized  Sandstone 

First  Class  Masonry,  Limestone 

First  Class  Masonry,  Granite 

Pordand  Cement  Concrete,  1-2-4 

Portland  Cement  Concrete,  1-3-5 

BEARING  POWER  OF  PILES.~The  maximum  load  carried  by  a  pile  should  not  exceed 
40,000  lb.  Piles  should  be  driven  not  less  than  10  ft.  in  hard  material,  nor  less  than  20  ft.  in  soft 
material  if  the  pile  is  to  be  loaded  to  full  bearing.  The  safe  load  should  not  exceed  that  given  by 
the  Engineering  News  formula  (i),  Chapter  XIV. 

THICKNESS  OF  WALLS.— The  minimum  thickness  of  curtain  walls  in  steel  skeleton 
buildings  should  be  12  in.  for  brick  or  concrete  and  8  in.  for  reinforced  concrete. 
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and  effident  wind  bradng  in  the  ends  and  sides  of  the  building,  it  would  appear  reasonable  to 
assume  that  in  the  completed  building  one-half  the  wind  load  will  be  taken  by  the  intermediate 
transverae  framework,  and  one-half  will  be  transferred  by  means  of  the  floors  to  the  ends  of  the 
batkHng  and  then  transferred  to  the  foundations  by  means  of  wind  bracing  in  the  ends  of  the 
building.  The  author's  specifications  permit  reinforced  concrete  floors  to  be  considered  as  assisting 
in  transferring  wind  loads  in  finished  buildings,  but  most  specifications  require  that  the  steel 
fraiDework  be  required  to  carry  all  the  wind  loads  in  the  completed  structure. 

The  transverse  intermediate  framework  usually  consists  of  columns  and  floor  girders,  in 
which  the  floor  girders  have  brackets  or  knee  braces  at  the  ends  to  increase  the  rigidity  of  the 
framework.  It  will  be  seen  that  it  is  not  only  impossible  to  calculate  the  amount  of  wind  load 
that  is  taken  by  each  intermediate  transverse  framework,  but  that  the  intermediate  transverse 
framework  is  itself  statically  indeterminate.  In  addition  to  being  statically  indeterminate  it  is 
not  possible  to  determine  the  sizes  of  the  columns  and  floor  girders  until  after  the  wind  stresses 
axe  determined.  >A^th  a  given  framework  in  which  the  sizes  of  the  members  and  the  loads  are 
given  the  stresses  may  be  calculated  by  taking  into  account  the  deformations  of  the  structure  or 
by  the  **  Theory  of  Least  Work."  From  the  above  it  can  easily  be  seen  that  an  exact  solution  of 
the  wind  stresses  in  a  tall  steel  frame  building  is  impracticable  and  that  an  approximate  practical 
nlutioo  must  be  used.  Three  approximate  methods  for  calculating  the  wind  stresses  in  tall 
tted  frame  buildings  are  described  by  Mr.  R.  Fleming  in  Eng.  News,  March  13,  19 13.  The  third 
netbod  described  by  Mr.  Fleming,  and  known  as  the  "  Continuous  Portal  Method,*'  follows  the 
method  of  the  continuous  portal  given  in  the  author's  "  Design  of  Steel  Mill  Buildings"  and  is  the 
method  in  most  common  use.  This  method  will  now  be  described  and  some  of  its  limitations 
win  be  shown. 

Problem. — A  transverse  intermediate  frame  bent  consisting  of  four  columns  with  bracketed 
floor  girders  will  be  taken  as  in  Fig.  i.  The  wind  loads  are  assumed  as  acting  in  the  planes  of  the 
ioore  as  shown.  It  will  be  assumed:  (i)  That  the  framework  is  rigid,  that  is  the  columns  and 
floor  girders  do  not  change  their  lengths.  (2)  That  each  of  the  four  columns  takes  one-fourth 
of  the  shear.  (3)  That  the  points  of  contra-flexure  in  the  columns  are  midway  between  the  floors. 
(4)  That  the  vertical  components  of  the  stresses  in  the  columns  vary  as  the  distance  from  the 
center  of  the  building,  or  center  of  gravity  of  the  columns. 

The  shear  in  each  column  between  the  6th  floor  and  the  roof  will  be  1,000  lb.  The  shear  in 
each  column  between  the  5th  and  6th  floors  will  be  2,500  lb.  The  shear  in  each  column  between 
the  4th  and  5th  floors  will  be  4,000  lb.  The  shears  in  the  other  columns  are  shown  in  Fig.  i. 
The  bending  moments  at  the  tops  of  each  column  between  the  6th  floor  and  the  roof  is  if  >■ 
-♦- 1,000  lb.  X  6  ft.  —  +  6,000  ft.-lb.  To  calculate  the  vertical  stresses  in  the  columns  in  the  top 
story  take  moments  about  a  plane  cutting  the  columns  in  the  points  of  contra-flexure.  Then 
fliiice  the  stresses  vary  as  the  distance  from  the  center  of  the  building, 

Vi  X  24  ft.  +  Vi  X  8  ft.  -  7i  X  8  ft.  -  74  X  24  ft. 

=  4,000  lb.  X  6  ft. 

—  24,000  ft.-lb. 
Now 

7i  "  -  74  =  3Vk  -  -  3^1. 

Vf (3  X  24  -I-  8  +  8  -f  3  X  24)  ft.  -  24,000  ft.-lb 
7, -?^  lb. -150  lb.  -  -7, 

Vi  -  450  lb.  -  ^  74. 

The  bending  moment  in  the  floor  girder  at  the  top  of  column  No.  i  must  be  If  «  ~  6,000 
fL-lb.,  and  will  be  equal  to  the  vertical  stress  in  column  No.  i  multiplied  by  the  distance  to  the 
paint  ci  contra-flexure.    The  point  of  contra-flexure  in  floor  girder  2-3  will  be  at  the  center  of 
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Fig.  I.    Wind  Stresses  in  a  Tall  Building. 
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the  panel,  while  the  point  of  contra-flexure  in  floor  girder  3-4  will  be  13  ft.  4  in.  from  column 
Na  4.  The  bending  moments  at  the  top  of  column  No.  2  will  be  if s  «  +  6,000  ft.-lb.;  in  the 
right  end  of  floor  girder  1-2  will  be  Afi-i  *  —  450  lb.  X  2  ft.  8  in.  =  —  1,200  ft.-lb.;  in  the  left 
end  of  floor  girder  2-3  will  be  M%-%  «  —  600  lb.  X  8  ft.  «  —  4,800  ft.-lb.  It  will  be  seen  that 
the  sum  of  the  bending  moments  equals  zero  and  the  point  is  in  equilibrium.  The  bending 
moments  at  the  tops  of  columns  No.  3  and  No.  4  are  calculated  in  the  same  manner.  The  direct 
stress  in  floor  girder  3-4  is  4,500  lb.,  in  floor  girder  2-3  is  3,000  lb.,  and  in  floor  girder  1-2  is  i  ,500  lb. 

In  the  plane  of  the  6th  floor  the  bending  moments  at  the  foot  of  the  columns  between  the 
6th  floor  and  the  roof  will  be  Jlf  =  -f  6,000  ft.-lb.,  while  the  bending  moments  in  the  columns 
below  the  6th  floor  will  be  if  —  2,500  Ibi  X  6  ft.  =  +  15,000  ft.-lb.  The  bending  moments  in  the 
floor  girders  are  calculated  as  for  the  roof  girders.  It  will  be  seen  that  the  sum  of  the  bending 
moments  at  each  intersection  of  columns  and  floor  girders  equals  zero  and  the  structure  is  in 
static  equilibrium.  The  remainder  of  the  vertical  stresses,  horizontal  stresses  and  bending 
moments  are  easily  calculated  in  the  same  manner. 

Limitation  of  Method. — When  the  transverse  framework  consists  of  more  than  four  bays 
(five  columns)  the  solution  above  locates  the  point  of  contra-flexure  of  the  leeward  floor  girder 
in  the  second  panel,  and  the  method  fails,  as  the  point  of  contra-flexure  in  the  girder  must  not 
fall  outside  of  the  girder.     For  a  wide  building  the  shears  cannot  he  taken  equal. 

Distribntioii  of  Shears. — In  the  above  solution  it  is  assumed  that  the  shear  is  taken  equally 
by  the  columns.  If  the  columns  do  not  have  the  same  cross-section  this  assumption  will  not  be 
correct.  If  the  columns  do  not  have  the  same  cross-section  the  condition  that  the  deflection  of 
the  points  of  contra-flexure  in  each  story  are  equal  will  require  that  the  shears  in  the  columns 
be  in  proportion  to  the  moments  of  inertia  of  the  cross-sections  of  the  columns. 

For  buildings  having  a  greater  width  than  four  bays  the  most  consistent  method  is  to  calcu- 
late the  shear  in  the  outside  columns  so  that  the  points  of  contra-flexure  in  the  floor  girders  will 
Dot  fall  outside  the  girder,  the  remainder  of  the  shear  being  equally  divided  among  the  inside 
columns. 

ALLOWABLE  STR£SS£S.~The  allowable  stresses  in  the  steel  framework  of  high  buildings 
should  be  taken  the  same  as  for  steel  frame  buildings  in  Chapter  I.  It  is  usual  to  add  25  per  cent 
to  the  live  load  stresses  due  to  cranes  and  vibrating  machinery  to  provide  for  impact. 

Comfimsxm  of  Compression  Formulas. — The  standard  formula  for  the  design  of  compression 
members  adopted  by  the  Am.  Ry.  Eng.  Assoc.,  is  used  by  the  author  in  his  "Specifications  for 
Steel  Frame  Buildings"  in  Chapter  I,  and  by  the  building  ordinance  of  Chicago.  The  A.  R.  E.  A. 
formula  is 

P  =  16,000  —  70//r  (i) 

where  P  «  unit  stress  in  lb.  per  sq.  in. ;  /  —  length  and  r  =  least  radius  of  gyration  of  the  column 
in  inches.     The  maximum  value  of  P  is  taken  ah  14,000  lb. 

The  American  Bridge  Company's  Formula. — ^The  American  Bridge  Company  has  adopted 
the  following  formula  for  the  design  of  compression  members. 

Axial  compression  of  gross  sections  of  columns,  for 

ratio  of  //r  up  to  120 19,000  —  ioo//r 

with  a  maximum  of I3i000 


Ratio. 

Amount. 

Ratio. 

Amount. 

60 

13000 

130 

6500 

70 

12000 

140 

6000 

80 

1 1000 

150 

5500 

90 

lOOOO 

160 

5000 

100 

9000 

170 

4500 

no 

8000 

180 

4000 

J  20 

7000 

190 

3500 

FLOOR  PLAN   OF   STEEL  OFFICE   BUILDING. 
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Name  of  Formula. 

Abbreviation. 

Maximum  Ratio  of  1/r. 

Main  Members. 

Bracing  Struts. 

Amcricnn  Bridffc  Cofno^nv ,  ,  ,  -  » 

A.  B. 
A.  R.  E.  A. 

C. 

K. 

G. 
N.Y. 

P. 

B. 

I20 
lOO 
1 20 
I2S 

•    •  • 

120 
140 
120 

200 
120 
ISO 
ISO 

•  •  • 

•  ■  • 

•  •  • 

American  Railway  Engineering  Association — 
Chicaflo  Buildins  Law 

Kctchum*t  Soecifications 

Gordon 

New  York  Buildinff  Law 

Philidelohia  Buildine  Law 

Boetoa  fiuildinff  Law 
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Fig.  2.    Floor  Plan  of  Steel  Office  Building. 


CAST   IRON    SEPARATORS  FOR    BEAMS  AND   CHANNELS. 
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Pic  4.    Cast  Ikon  Separators  for  Beaks  and  Channels. 

Akerican  Bridge  Coiipant. 

(For  dctaila  of  teparaton  for  Bethlehem  beama,  see  Part  II.) 
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DRTAILS  OF  FRAMEWORK.— The  framework  of  a  steel  skeleton  building  consists  of 
floorbeams  and  floor  girders  which  carry  the  floor  loads  to  the  columns,  of  columns  which  carry 
the  loads  to  the  foundations  and  of  foundations  which  transfer  the  loads  to  the  earth;  the  columns 
are  braced  transversely  and  longitudinally  by  wind  bracing  and  by  means  of  the  floor  girders, 
and  the  roof  is  carried  on  trusses  or  on  roof  beams  or  purlins.  There  is  in  addition  miscellaneous 
framing  to  carry  the  outside  walls  and  the  cornice,  and  the  framing  around  elevators,  etc.  For 
additional  details,  see  Chapter  XII,  Structural  Drafting. 
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Fig.  6.    Column  Schedule. 

Floor  Plan. — The  floor  is  carried  on  floorbeams  to  the  floor  girders  and  by  the  floor  girders 
to  the  columns.  A  detail  plan  of  a  section  of  a  floor  plan  of  a  steel  skeleton  building  is  shown  in 
Fig.  2.    The  floorbeams,  girders  and  columns  are  numbered  as  shown. 

Details  of  floorbeams  for  an  eight  story  steel  ofiice  building  are  given  in  Fig.  3.  For  addi- 
tional details  of  roiled  beams  and  bracing,  see  Chapter  XIL  Details  of  cast  separators  are  given 
in  Fig.  4. 

Columns. — Details  of  steel  columns  that  are  commonly  used  in  steel  skeleton  buildings  are 
given  in  Fig.  5.    The  built-H  columns  made  of  4  angles  and  i  plate  or  of  4  angles  and  3  or  5  plates 
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as  given  in  (i)  and  (2)  are  the  most  satisfactory  columns  for  usual  conditions.  The  Bethlehem 
H  columns  in  (11)  and  (12)  make  very  satisfactory  columns.  While  the  Bethlehem  H  columns 
require  the  driving  of  less  rivets  than  are  required  to  fabricate  built-H  columns,  the  extra  cost 
required  to  drill  from  the  solid  in  heavy  Bethlehem  H  columns  makes  the  final  cost  of  the  two 
types  of  columns  practically  the  same  for  average  conditions.  Columns  made  of  two  channels 
laced  are  deficient  in  lateral  rigidity  and  should  only  be  used  for  light  loads.  Z-bars  are  difficult 
to  obtain  from  the  rolling  mill  and  Z-bar  columns  should  not  be  used  unless  it  is  known  that 
Z-bars  can  be  obtained.    Additional  sections  are  given  in  Fig.  14. 

Column  Schedule. — A  column  schedule  should  be  prepared  as  in  Fig.  6.  The  column  schedule 
should  give  the  length,  area  of  cross-section  and  the  composition  of  every  column  in  the  building. 
For  the  use  of  the  shop  draftsmen  the  dead  load,  wind  load  and  eccentric  stresses  should  be  given 
for  each  column. 

Column  Details. — ^Standard  details  for  channel  columns  and  for  plate  and  angle  columns  are 
given  in  Fig.  7.  Details  of  channel  columns  are  given  in  Fig.  8.  Details  of  plate  and  angle 
columns  are  given  in  Fig.  9  and  Fig.  10.  Details  of  column  splices  are  given  in  Fig.  1 1  and  Fig.  12. 
Details  of  a  column  used  in  the  Singer  Building  are  shown  in  Fig.  27. 

Column  Bases. — E>etails  of  cast  iron  column  bases  as  designed  by  the  American  Bridge 
Company  are  given  in  Fig.  13  and  Fig.  14.     Intermediate  sizes  may  be  obtained  by  interpolation. 
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Fig.  15.    Cast  Stbbl  Base. 


Fig.  16.    Built  Stbel  Column  Base. 


Details  of  a  cast  steel  column  base  used  in  the  Singer  Building  are  shown  in  Fig.  15.  Details 
of  a  built  steel  column  base  designed  by  Mr.  E.  W.  Stern,  Consulting  Engineer,  are  shown  in  Fig.  16 
Mr.  Stern  considers  the  built  steel  column  base  as  cheaper  and  more  reliable  than  a  cast  steel 
base;  and  cheaper  and  very  much  more  reliable  than  a  cast  iron  base.  In  addition  the  base  is 
easily  set  and  readily  grouted.  After  setting,  the  base  is  grouted  with  i  to  2  Portland  cement 
mortar.     Bases  of  this  design  have  been  used  for  loads  up  to  i  ,600  tons. 

Anchors. — Details  of  anchors  are  given  in  Fig.  17.  Anchors  for  columns  in  tall  buildings 
should  be  calculated  for  the  actual  conditions. 

FOUNDATIONS.— The  foundation  for  a  tall  building  will  depend  upon  the  height  of  the 
structure,  the  total  load  on  the  foundation,  the  character  of  the  soil,  and  the  requirements  of  the 
design  and  may  be  briefly  described  as  follows. 

(i)  Ordinary  wall  or  pier  foundations  built  on  the  natural  soil. 

(2)  Walls  and  columns  supported  by  timber  grillage  resting  on  the  soil. 

(3)  Walls  and  columns  supported  on  grillages  made  of  steel  beams  or  bars  encased  in  concrete 
and  resting  on  the  soil. 

(4)  Piles  of  timber  or  concrete  driven  to  rock  or  to  a  sufficient  depth  to  carry  the  loads  without 
settlement. 

(5)  Caissons  as  constructed  in  Chicago  by  excavating  in  an  open  well  or  shaft,  curbing  it 
with  timber,  and  then  filling  the  well  with  concrete. 

(6)  Caissons  as  constructed  in  New  York  by  sinking  steel  cylinders,  or  steel  and  timber 
caissons,  or  reinforced  concrete  caissons,  usually  by  the  pneumatic  process  and  filling  the  shaft 
with  concrete.     The  first  typ)e  of  foundation,  where  the  soil  is  compressible,  can  only  be  used  for 
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Fig.  20.    Wind  Bracing  in  United  Firb  Ci 
(Ei^.  Record,  Dec.  9,  1911. 


SINGER  BUILDING. 

SinOERBDnDINO.*— The  Singer  Building  consistaof  an 

1 16  It.  in  plan  and  14  stories  high,  and  a  tower  60  ft-  by  60  ft.  ...  k—"  "••-  t-  "> ■&■-  " 

four  tier  lantern  which  rises  to  a  total  height  of  612  ft.     The  building  ia  of  skeleton  steel 


Ertion  approximately  75  ft.  by 
1  and  41  stories  high  with  a 


Fig.  34.     DiAGKAH  of  Wind  BRAaNG,  Singer  Bucding. 

•tructioD,  fireproofed  with  terra-^^tta  tiling  and  provided  with  terra-cotta  floor  systems  surfaced 
with  cement.     The  columns  are  carried  on  concrete  lootings  sunk  by  the  pneumatic  process  to  a 
depth  of  90  feet.    The  columns  are  spaced  12  ft.  centers  and  ate  connected  at  right  angles  by 
•  Engineering  News,  Vol.  58,  pp.  595  to  598. 
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ginkrs  and  floorbeams.  A  typical  floor  plan  of  the  tower  is  shown  in  Fig.  22.  The  columns  are 
made  of  two  channels,  reinforced  with  plates  where  necessary.  Details  of  a  typical  column  are 
shown  in  Fig.  27.  The  wind  bracing  of  the  steel  frame  is  shown  in  Fie.  2±,  A  plan  of  the  wind 
bracing  in  the  tower  is  shown  in  Fig.  25.  The  panels  that  have  heavy  full  lines  were  wind  braced 
to  the  33d  story  on  the  exterior  and  to  the  36tn  story  on  the  interior.  Heavy  dotted  lines  indi- 
cate wind  bracing  to  the  14th  story.  Fine  lines  indicate  no  diagonal  bracing.  Circles  on  diagonal 
intersections  represent  anchor  bolts.  In  designing  the  bracing  the  loads  were  distributed  as 
follows: — It  will  be  noticed  that  in  a  north  and  south  direction  there  are  1 1  lines  of  wind  Bracing 
in  the  tower,  nearly  symmetrically  placed.  It  was  therefore  assumed  that  on  each  story  each 
line  of  X-bracii^  took  iV  of  the  total  wind  pressure  of  ^o  lb.  per  sq.  ft.  The  loads  on  the  bracing 
in  an  east  and  west  direction  were  distributed  in  a  similar  manner.  The  details  of  the  X-bracing 
are  shown  in  Fig.  26.  Each  of  the  12  ft.  square  towers  was  assumed  to  act  independently  and 
the  uplift  of  the  columns  was  provided  for. 
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M.  Am.  Soc.  C.  £. 

1914. 

1.  Derign. — In  all  steel  frame  or  skeleton  buildings  the  stresses  due  to  external  and  internal 
loads  and  wind  stresses  shall  be  transmitted  to  the  foundation  by  the  steel  framework,  no  reliance 
being  placed  on  the  strength  of  the  walls  and  partitions.  Beams  and  girders  shall  have  rivet^ 
connections  to  the  steel  columns.  All  columns  shall  be  of  structural  steel  with  their  different 
parts  riveted  together  and  shall  be  riveted  to  the  beams  and  girders  connecting  to  them. 

2.  LOADS. — ^The  structure  shall  be  designed  to  carry  the  following  loads. 

LDead  Loads. — The  dead  load  shall  consist  of  the  weight  of  all  permanent  construction 
:ures,  such  as  walls,  roofs,  interior  partitions,  and  fixed  or  permanent  appliances.  The 
weights  of  different  materials  shall  be  assumed  as  given  in  Table  I.-  The  minimum  weight  of 
fireproof  floors  to  be  assumed  in  designing  the  floor  system  shall  be  75  lb.  per  sq.  ft.  The  actual 
weight  of  floors  shall  be  usbd  in  designing  columns.  -  The  minimum  weight  of  movable  partitions 
shall  be  taken  as  10  lb.  per  sq.  ft. 

4.  Live  Loads. — The  live  load  shall  consist  of  movable  loads  and  loads  due  to  machinery 
and  other  appliances. 

The  live  loads  required  by  Schneider's  specifications  and  given  in  Table  IV  shall  be  used 
for  the  different  classes  of  buildings.  The  maximum  stresses  due  to  any  one  of  the  three  systems 
oif  loads  shall  be  used  in  the  design.  Floor  slabs  for  office  buildings  may  be  designed  for  a  uniform 
load  equal  to  twice  the  distributed  load  given  in  the  second  column  of  Table  IV,  and  the  effect 
<rf  the  concentrated  load  niay  be  neglected.  The  concentrated  load  and  load  per  linear  foot  of 
girder  shall  be  considered  in  the  design  of  all  beams  and  girders.  Flat  roofs  of  office  buildings, 
hotels,  etc.  that  can  be  loaded  by  crowds  of  people  shall  be  designed  as  the  floors. 

5.  LniMCt — For  structures  carrying  traveling  machinery  such  as  cranes  or  conveyors,  or 
machinery  such  as  printing  presses,  2^  per  cent  shall  be  added  to  the  stresses  resulting  from  live 
load  to  provide  for  impact  and  vibrations. 

6.  Snow  Loads. — ^The  snow  loads  on  roofs  shall  be  taken  the  same  as  for  steel  frame  mill 
buOdin^,  Fig.  i.  Chapter  I. 

7.  wind  Loads. — ^All  structures  shall  be  designed  to  resist  the  horizontal  wind  pressure  on 
the  surface  exposed  above  surrounding  buildings  as  follows. 

a.  The  wind  pressure  on  roofs  shall  be  taken  as  the  normal  component,  calculated  by  Duchem- 
ia*s  formula,  Fig.  3,  Chapter  I,  of  jo  lb.  per  square  foot  on  the  vertical  projection  of  the  roof. 

b.  The  wind  pressure  on  the  sides  and  ends  of  buildings  except  as  otherwise  provided  in  the 
following  paragraph  shall  be  assumed  as  20  lb.  per  square  foot  acting  in  any  direction  horizontally. 

c.  In  designing  the  steel  or  reinforced  concrete  framework  of  fireproof  buildings  the  frame- 
work shall  be  designed  to  resist  a  wind  pressure  of  30  lb.  per  square  foot  acting  on  the  total  exposed 
surface  of  all  parts  compK>sing  the  framework  or  a  horizontal,  wind  pressure  of  20  lb.  per  square 
foot  acting  in  any  direction  horizontally  on  the  sides  and  enas  of  the  completed  building.  The 
strength  m  reinforced  concrete  floors  may  be  considered  in  calculating  the  strength  of  the  frame- 
work in  the  completed  structure.    The  framework  before  the  structure  has  been  completed  shall 
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be  self-supporting  without  walls,  partitions  or  floors.  In  no  case  shall  the  overturning  moment 
due  to  wind  pressure  exceed  75  per  cent  of  the  resisting  moment  of  the  structure.  In  the  calcu- 
lations for  wind  bracinp;  the  working  stresses  for  dead  and  live  loads  may  be  .increased  25  per 
cent  providing  the  sections  are  not  less  than  required  for  dead  and  live  loads.  Chimneys  shall 
be  designed  to  resist  a  wind  pressure  of  20  lb.  ()  of  30  lb.)  per  square  foot  acting  on  the  vertical 

Crojection  of  the  chimney.     Curtain  walls  carried  on  the  framework  of  steel  or  reinforced  concrete 
uildings  shall  be  designed  to  resist  a  horizontal  pressure  of  30  lb.  per  square  foot  acting  hori- 
zontally on  the  outside  of  the  entire  surface  of  the  wall. 

8.  Minimum  Loads  on  Roofs. — Roofs  shall  be  designed  for  the  minimum  loads  specified  by 
Schneider  and  given  in  Table  VI. 

9.  Live  LcMids  on  Colomns. — For  columns  carrying  more  than  five  floors,  the  live  load  may 
be  reduced  as  follows: 

For  columns  supporting  the  roof  and  top  floor  no  reduction. 

For  columns  supporting  each  successive  floor  a  reduction  of  5  per  cent  of  the  total  live  load 
may  be  made  until  50  per  cent  is  reached,  which  reduction  of  the  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors.  No  column  shall,  however,  be  designed  for  a  live  load  of  less 
than  20,000  lb.  The  alx>ve  reduction  is  not  to  apply  to  the  live  load  on  columns  of  warehouses, 
and  similar  buildings  which  are  liable  to  be  fully  loaded  on  all  floors  at  the  same  time. 

10.  Loads  on  Foundations.  The  loads  on  foundations  shall  not  exoeed  the  following  in 
tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  day 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.  never  more  than  i  ton  per  square  foot. 

The  loads  on  foundations  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  area  of  the  bases  of  the  foundation  shall  be  proportioned  for  the  dead  load  only  as  follows. 
That  foundation  which  has  the  largest  ratio  of  live  load  to  dead  load  shall  be  selected  and  pro- 
portioned for  the  combined  dead  and  live  loads.  The  dead  load  on  this  foundation  shall  be 
divided  by  the  area  thus  found,  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible 
pressure  to  be  used  for  the  dead  loads  of  all  foundations. 

11.  Pressure  on  Masonry  and  Wall  Plates.y-The  maximum  pressure  on  masonry  and  wall 
plates  shall  not  be  greater  than  the  values  given  in  Table  VIII. 

12.  Bases. — ^Structural  steel  columns  shall  rest  on  either  cast  iron,  cast  steel  or  built  steel 
bases  proportioned  so  as  to  distribute  entire  load  of  the  column  on  the  concrete  or  masonry  founda- 
tion. Columns  carrying  wind  stresses  shall  be  firmly  anchored  with  at  least  two  anchor  bolts 
to  a  mass  of  concrete  whose  weight  is  at  least  li  times  the  up-lift  in  the  column.  All  columns 
shall  be  properly  secured  to  the  bases. 

13.  Shape  of  Foundations. — Foundations  under  columns  shall  be  symmetrical  except  under 
wall  columns,  where  the  center  line  of  the  column  must  lie  within  the  middle  third  of  the  founda- 
tion. In  this  case  the  average  intensity  of  the  pressure  on  the  soil  shall  not  exceed  one-half  the 
safe  load  allowed  for  a  symmetrical  section.  In  cases  where  the  wall  column  load  exceeds  the 
above  safe  loads  the  column  must  rest  upon  a  steel  or  reinforced  concrete  girder  or  cantilever 
having  a  column  or  columns  at  the  inner  end.  The  foundation  shall  then  be  designed  for  the 
combined  loads. 

14.  Rolled  Beams. — ^The  depth  of  rolled  beams  in  floors  shall  be  not  less  than  one-twentieth 
of  the  span,  and  if  used  as  roof  purlins  not  less  than  one-thirtieth  of  the  span.  In  case  of  floors 
subject  to  shocks  and  vibrations  the  depth  of  beams  and  girders  shall  be  limited  to  one-fifteenth 
of  the  span.  If  shallower  beams  are  used  the  sectional  area  shall  be  increased  until  the  maximum 
deflection  is  not  greater  than  that  of  a  beam  having  a  depth  of  one-fifteenth  of  the  span,  but  the 
depth  of  such  beams  shall  in  no  case  be  less  than  one-twentieth  of  the  span. 

15.  Expansion. — Provision  shall  be  made  for  expansion  and  contraction  corresponding  to  a 
variation  of  temperature  of  150  degrees  Fahr.  where  necessary.  Expansion  rollers  shall  not  be 
less  than  4  inches  in  diameter. 

16.  Cast  Lron. — The  allowable  stresses  in  cast  iron  shall  be  as  follows: 

Compression  =  12  000  lb.  per  sq.  in. 
Tension  »    2  500  lb.  per  sq.  in. 

Shear  =    i  500  lb.  per  sq.  in. 

17.  Steel  Columns. — Columns  shall  be  of  rolled  or  built  sections.  No  wall  column  or  column 
with  eccentric  loads  shall  be  used  which  does  not  have  at  least  one  solid  plate  or  web  of  metal  in  or 
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parallel  to  the  plane  of  eccentric  stress.  Columns  shall  have  a  minimum  length  equal  to  two 
stories;  and  splices  on  adjacent  columns  shall  preferably  be  made  at  different  stories  unless  the 
building  is  symmetrical  about  a  middle  line  of  columns,  in  which  case  for  ease  in  construction 
similarly  situated  columns  may  be  made  alike.  Columns  shall  be  designed  so  as  to  provide  for 
effective  connections  for  floorbeams,  girders  and  brackets.  The  splices  shall  be  strong  enough 
to  resist  the  bending  stresses  and  make  the  columns  practically  continuous  for  their  entire  length. 
The  splices  of  columns  shall  be  riveted. 

i8.  Roof  Trusses. — Roof  trusses  shall  be  of  steel  and  may  have  either  pin  or  riveted  con- 
nections, and  shall  be  of  such  design  that  the  stress  in  each  member  may  be  calculated.  Roof 
trusses  shall  be  braced  in  pairs  and  each  pair  of  trusses  shall  be  rigidly  connected  by  lateral  and 
transverse  bracing.  Purlins  shall  be  made  of  shapes,  or  riveted  plate  or  lattice  girders.  Trussed 
purlins  will  not  be  allowed.  Main  members  of  trusses  shall  be  designed  so  that  the  neutral  axes 
of  intersecting  members  shall  meet  in  a  common  point,  or  if  this  is  not  possible  the  eccentric 
stresses  shall  be  calculated  and  provided  for. 

19.  Floorbeams. — Floorbeams  shall  generally  be  rolled  steel  beams  and  shall  be  riveted  to  the 
floor  eirders  by  means  of  connection  angles.  Floor  girders  may  be  rolled  beams  or  plate  girders 
and  shall  be  nveted  to  columns  by  means  of  connection  angles.  Shelf  angles  may  be  provided 
for  convenience  during  erection. 

The  flange  plates  of  all  girders  shall  be  limited  in  width  so  as  not  to  extend  beyond  the  outer 
line  of  rivets  connecting  them  to  the  angles,  more  than  4  inches,  or  more  than  8  times  the  thickness 
of  the  thinnest  plate.  For  fireproof  floors,  floorbeams  shall  generally  be  tied  together  with  tie 
rods  at  intervals  not  to  exceed  8  times  the  depth  of  the  beams.  Tie  rods  are  not  required  with 
reinforced  concrete  floors  where  the  reinforcement  is  rigidly  fastened  to  all  outside  oeams  and 
girders.  Holes  for  tie  rods,  where  the  construction  of  the  floor  permits,  shall  be  spaced  3  inches 
above  the  bottom  of  the  beam. 

Where  more  than  one  rolled  beam  is  used  to  form  a  girder,  they  shall  be  connected  by  cast 
iron  or  steel  separators  and  bolts  spaced  at  intervals  of  not  more  than  5  feet.  All  beams  having  a 
depth  of  12  inches  and  more  shall  have  at  least  2  bolts  to  each  separator. 

20.  Wall  Plates. — Bearing  stones  of  granite,  crystalline  sandstone,  or  metal  plates  shall  be 
used  to  reduce  or  distribute  the  pressure  on  the  wall  under  the  ends  of  wall  beams,  girders  and 
trusses. 

21.  Wall  Anchors. — ^The  wall  ends  of  beams,  girders,  and  columns  shall  be  anchored  securely 
to  give  rigidity  to  the  structure. 

22.  Mitiimwtn  Thickness  of  MetaL — No  plate  or  rolled  section,  having  a  thickness  of  less 
than  \  in.  shall  be  used  except  for  fillers. 

23.  Bradng. — Lateral,  longitudinal  and  transverse  bracing  shall  preferably  be  composed  of 
rigid  members. 

24.  MateriaL — All  parts  of  the  structure  shall  be  of  rolled  steel  except  column  bases,  bearing 
plates,  separators  or  minor  details  which  may  be  of  cast  iron  or  cast  steel.  The  steel  shall  be 
made  by  the  open-hearth  process.  All  rolled  steel,  cast  steel  and  cast  iron  shall  comply  with  the 
"Spedncations  for  Structural  Steel  for  Buildings"  adopted  by  the  American  Society  for  Testing 
Materiab  and  printed  in  Chapter  XV. 

25.  Stresses. — ^AU  parts  of  the  structural  framework  shall  be  designed  for  the  same  unit 
stresses  as  for  steel  frame  buildings  given  in  sections  32  to  46  inclusive  of  "Specifications  for 
Steel  Frame  Buildings"  in  Chapter  I. 

26.  Details  of  Coastraction. — ^The  details  of  construction  shall  comply  with  the  specifications 
for  steel  frame  buildings  given  in  sections  78  to  117  inclusive  of  "Specifications  for  Steel  Frame 
Buildings,"  in  Chapter  I. 

27.  Workmanship. — ^The  workmanship  shall  be  equal  to  the  best  practice  in  modern  bridge 
works  and  shall  comply  with  sections  143  to  186  inclusive  of  "Specifications  for  Steel  Frame 
Buildings"  in  Chapter  I. 

28.  Inspection  and  Testing  at  Mill  and  Shop. — ^The  specifications  are  the  same  as  given  in 
sections  187  to  193  inclusive  in  "Specifications  for  Steel  Frame  Buildings"  in  Chapter  I. 

Erection. 

29.  Tools. — The  contractor  shall  furnish  at  his  expense  all  necessary  tools,  derricks,  hoists, 
staging  and  material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove 
same  when  the  work  is  completed. 

30.  Risks. — ^The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused  by 
the  negligence  of  the  owner,  and  sril  damage  to  adjoining  property  and  to  persons  until  the  work 
is  completed  and  accepted. 

31.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the  work. 

32.  Details  oi  Erection. — ^The  structural  steel  and  iron  work  shall  be  erected  as  rapidly  as 
the  progress  of  the  other  work  on  the  building  will  permit.     Bases,  bearing  plates  and  ends  of 


106  STEEL  OFFICE  BUILDINGS.  Chap.  IL 

girders  which  require  to  be  grouted,  shall  be  supported  exactly  at  the  proper  level  by  means  of 
steel  wedges.  Structural  steel  and  ironwork  shall  be  set  accurately  to  the  established  lines  and 
levels.  The  steel  and  iron  must  be  plumb  and  level  before  riveting  is  commenced  and  must  be 
kept  in  position  until  final  completion.  Temporary  bracing  shall  be  provided  to  resist  the  stresses 
due  to  derricks  and  other  erection  equipment.  Elevator  shafts  shall  be  plumbed  from  top  to 
bottom  with  piano  wire.  Riveted  connections  shall  be  carefully  drawn  up  before  riveting  is 
commenced.  Not  less  than  one-third  the  holes  shall  be  filled  with  field  boitSi  drawn  up  tight. 
All  field  connections  shall  be  riveted.  Pneumatic  hammers  shall  be  used  in  driving  field  rivets. 
Rivets  must  have  a  sufficient  length  to  completely  fill  the  holes  and  to  form  full  h^ds.  Rivets 
must  be  tight  with  full  concentric  heads.  Loose  or  imperfect  rivets  must  be  cut  out  and  redriven» 
recupping  or  calking  will  not  be  permitted.  Holes  which  will  not  admit  a  cold  rivet  must  be 
reamed.  Where  bolts  are  permitted,  washers  not  less  than  }  in.  thick  shall  be  used  under  the 
nuts,  the  nuts  shall  be  drawn  tight  and  the  threads  checked  with  a  chisel.  Connections  to  cast 
iron  and  for  separators  in  steel  beams  may  be  bolted. 

REFERENCES.— For  the  details  of  the  design  of  tall  buildings  the  following  books  may  be 
consulted:  Kidder's  ''Architects  and  Builders  Pocketbook";  Freitag's  "Fire  Prevention  and 
Fire  Protection*';  Freitag's  "Architectural  Engineering";  Ketchum's  "The  Design  of  Steel  Mill 
Buildings." 

For  a  full  discussion  of  foundations  for  steel  office  buildings,  see  Jacoby  and  Davis,  "  Founda- 
tions of  Bridges  and  Buildings,"  published  by  McGraw-Hill  Book  Co. 


CHAPTER  III. 
Steel  Highway  Bridges. 

Definition. — ^A  truss  is  a  framework  composed  of  individual  members  so  fastened  together 
that  loads  applied  at  the  joints  produce  only  direct  tension  or  compression.  The  triangle  is  the 
only  geometrical  figure  in  which  the  form  is  changed  only  by  changing  the  lengths  of  the  sides. 
In  its  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
truss  are  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 

Types  of  Truss  Bridges. — ^The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
the  floor  and  the  load;  of  two  horizontal  trusses  in  the  planes  of  the  top  and  bottom  chords,  re- 
spectively, which  carry  the  horizontal  wind  load  along  the  bridge,  and  of  cross-bracing  in  the  planes 
of  the  end-posts,  called  portals,  and  in  the  planes  of  the  intermediate  posts,  called  sway  bracing. 
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Fig.  I.    Diagrammatic  Sketch  of  a  Through  Pratt  Truss  Highway  Bridge. 


The  floor  is  carried  on  joists  or  stringers  placed  parallel  to  the  length  of  the  bridge,  and  which  are 
supported  in  turn  by  the  floorbeams.  The  names  of  the  different  parts  of  the  bridge  are  shown 
in  Fig.  I.  The  main  ties,  hip  verticals,  counters  and  intermediate  posts  are  together  called 
"webs."  The  bridge  shown  in  Fig.  i,  is  a  through  pin-connected  highway  bridge  of  the  Pratt 
type,  the  traffic  passing  through  the  bridge.  In  a  deck  bridge  the  roadway  floor  is  carried  on  top 
of  the  main  trusses.    The  bridge  shown  has  square  abutments;  if  the  abutments  are  not  at  right 
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angles  to  the  center  line  the  bridge  is  called  a  ''skew"  bridge.  Short  span  highway  and  railway 
bridges  have  low  trusses  and  no  top  lateral  system  nor  portals,  as  in  Fig.  2.  In  a  railway  bridge 
the  loads  are  carried  to  the  panel  points  by  stringers  resting  on  or  riveted  to  the  floorbeams. 


FhfedectmHan^        £nciVie^ 


Qifarter  Top  PJan 


L-..^ J 


Quarter  doffom  Plan. 


II  h  II  II II  ll 


^Ftoorbea.'n 
Crasi  3ecf/an 
Fig.  2.    Plan  of  a  Low  or  "Pony"  Truss  Highway  Bridge. 

The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig.  3.     Beam  bridges  commonly  consist 
of  I  beams  which  span  the  opening,  and  are  placed  near  enough  together  to  carry  the  floor  of  the 
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(b)  Beam  L  egBrfdqe.      (e)  LowPhxff  Truss.  Half  Hip. 
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(c)  Truss  Leg  drid^e..  (f)  Low  Pratt  Truss.Full Slope. 

Fig.  3.    Types  of  Short  Span  Highway  Bridges. 

bridge.  Where  foundations  are  relatively  expensive  the  beams  may  be  carried  on  posts  as  in 
(b),  Fig.  3.  A  truss  leg-bridge  is  shown  in  (c),  Fig.  3.  Types  (b)  and  (c)  unless  constructed  with 
great  care  make  inferior  structures  and  are  not  to  be  recommended.     A  Warren  truss  is  a  combi- 
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nation  of  isosceles  triangles  as  shown  in  (d).  Fig.  3  and  in  (c)  and  (d),  Fig.  4.  The  Pratt  truss 
has  its  vertical  web  members  in  compression  while  its  diagonal  web  members  are  in  tension,  as 
shown  in  (b),  Fig.  4.  The  Warren  truss  is  commonly  built  with  riveted  joints  while  the  Pratt 
truss  is  usually  built  with  pin-connected  joints.  The  Warren  low  truss  with  riveted  joints  as 
shown  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss  in  either  (e)  or  (f),  Fig.  3.  The 
Howe  truss  has  its  vertical  web  members  in  tension,  and  its  inclined  web  members  in  compression 
as  shown  in  (a).  Fig.  4.  The  upper  and  lower  chords  and  the  inclined  members  of  a  Howe  truss 
are  commonly  made  of  timber,  while  the  vertical  tension  members  are  iron  or  steel  rods  or  bars. 


(a)  THR0U6H  Howe  Tpuss 


(b)  Through  Pratt  Truss 


(c)   Throuoh  Warren  Truss 


(d)  Quadrangular  Through  Warreh  Truss 
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{€)  Through  Wh!PPle  Truss 


(f)  Camel  Rack  Truss 


(gi  Through  Baltimore  Truss 


(h)  Modified  Camel  Back  Truss 


(J)  Through  Petit  Truss  (J)  Modified  Petit  Truss 

Fig.  4.    Types  of  High  Truss  Highway  Bridges. 

The  Whipple  truss,  (e)  Fig.  4,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
to  give  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  Whipple 
truss  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Balti- 
more truss,  (g)  Fig.  4  being  used  in  its  place.  The  quadrangular  Warren  truss  with  riveted  joints 
is  used  by  the  American  Bridge  Company  as  a  standard  truss  for  through  highway  bridges,  with 
spans  of  from  80  to  170  ft.    Like  the  Whipple  truss  its  stresses  are  indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  240  ft.  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (f),  Fig.  4.  Where  the  truss  has  an  even  number  of  panels 
the  author  has  subdivided  the  center  panel  as  shown  in  (h),  Fig.  4. 

The  Baltimore  truss,  (g)  Fig.  4,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.  The  auxiliary  framework  may  have  struts 
as  in  (g),  or  ties  as  in  (i),  Fig.  4.     The  Baltimore  truss  with  inclined  upper  chords,  (i)  Fig.  4,  is 
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called  a  Petit  truss.  A  modified  form  of  the  Petit  truss  that  is  sometimes  used,  is  shown  in  (j). 
Fig.  4.  Baltimore  and  Petit  trusses  are  statically  determinate  for  all  conditions  of  loading; 
are  economical  in  construction  and  satisfactory  in  service,  and  have  almost  entirely  replaced  the 
Whipple  truss  for  long  span  bridges. 

The  types  of  simple  bridge  trusses  described  above  are  those  that  are  in  the  most  common 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 

Beams  and  Plate  Girders. — For  spans  of,  say,  30  ft.  and  under  rolled  beams  are  often  used  to 
carry  the  roadway,  while  for  spans  from  about  30  to  100  ft.  plate  girders  are  used  for  city  bridges. 
When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder  bridge, 
and  when  the  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate  girder 
bridge  as  in  Fig.  19. 


(9)  5tr/m  B»/DS£,  CtNTO^  Bem/ng 


(b)SwtHS  BRtD6E^  Tt^NTABLE  BeJUHfm 


Fig.  5.    Swing  Bridges. 

Swing  Bridges. — ^Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn  on  a 
center  pivot  as  in  (a),  or  on  a  turntable  supported  on  a  drum  as  in  (b),  Fig.  5.  The  center  pivot 
swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing  bridge 
has  three  spans  ordinarily  continuous  over  the  middle  supports. 

Steel  Arches. — ^Steel  arch  bridges  are  made  (i)  with  three  hinges,  (2)  with  two  hinges,  and 
(3)  without  hinges,  and  may  have  solid  webs,  or  spandrel  or  open  webs. 

Cantilever  Bridges. — ^A  cantilever  bridge  consists  of  two  anchor  spans,  which  support  a 
suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  piers 
and  are  supported  on  the  river  piers. 

Suspension  Bridges. — In  a  suspension  bridge  the  roadway  is  supported  by  hangers  attached 
to  the  main  cables.  Stiffening  trusses  are  placed  above  the  plane  of  the  roadway  to  assist  in 
distributing  the  live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  structure. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (i)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads.  The  dead  load  consists  of  the  weight  of  the  structure  and 
is  always  carried  by  the  bridge;  the  live  load  consists  of  the  moving  load  which  the  bridge  is  built 
to  carry,  while  the  miscellaneous  loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads 
are  given  in  the  "Specifications  for  Steel  Highway  Bridges"  in  the  last  part  of  this  chapter. 

WEIGHT  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the 
steel  in  the  steel  framework,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems, 
the  fioorbeams,  the  portals  and  sway  bracing;  (2)  the  weight  of  the  joists  and  the  fence;  and  (3) 
the  weight  of  the  floor  covering. 

American  Bridge  Company  Standards. — ^To  cover  a  considerable  range  of  conditions  the 
weights  of  two  trusses  of  low  Pratt  pin-connected  bridges  are  given  in  Fig.  9;  the  weight  of  one 
floorbeam  for  various  panel  lengths  and  widths  of  roadway  for  a  live  load  of  100  lb.  per  sq.  ft.  of 
roadway  are  given  in  Fig.  6;  while  in  Fig.  7  are  given  the  weights  of  lateral  systems,  including 
portals,  per  foot  of  clear  width  of  bridge.  The  upper  lateral  systems  were  designed  for  150  lb. 
per  lineal  foot  of  bridge,  and  the  lower  lateral  systems  were  designed  for  a  wind  load  of  300  lb.  per 
lineal  foot  of  bridge,  150  lb.  being  considered  as  a  moving  load. 

Problem  i. — For  example  to  find  the  weight  of  a  five  panel,  low,  Pratt,  pin-connected  high- 
way bridge  having  a  span  of  80  ft.  and  a  clear  roadway  of  18  ft.,  the  trusses  being  designed  for  a 
live  load  of  1,600  lb.  per  lineal  foot  of  bridge,  and  the  floor  system  for  a  live  load  of  100  lb.  per  sq. 
ft.  of  floor,  proceed  as  follows: 
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WEIGHTS  OF  BRIDGES  WITH  SIDEWALKS.  ] 

Total  weight  of  two  i6o-ft:.  trusaea,  from  Pig.  is,  by  interpolation 40,000  lb. 

Total  we^ht  of  7  floarbeams  for  a  i6-ft.  roadway  and  a  30-(t.  panel,  from 

Fig.  6  -  950  X  7 6.650  lb- 
Total  weight  of  lateral  eyatems,  including  portals,  from  Fig.  7  »  16  X  410. . .  6,560  lb. 
Total  weight  of  bridge 53,210  lb. 
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Fig.  13. 


Fig.  13. 


Weif^  of  Beam  Bridges. — The  weights  of  beam  bridges,  as  designed  by  the  American 
Bridge  Co.  for  different  roadways,  are  given  in  Table  II.  The  lei^hs  of  span  for  difiereut  loadings 
may  be  used  as  given  in  Table  I. 

TABLE  1. 

Pekuissible  Span  of  Beams  for  Different  Loadings,  Arranged  as  in  Table  II. 
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Weights  of  Bridges  with  Sdewalka. — In  estimating  the  weight  of  highway  bridges  with  side- 
walks the  live  load  used  in  getting  the  weights  of  the  trusses  will  be  the  total  live  load  on  both  the 
roadway  and  the  sidewalk.  The  sidewalk  floorbeams  should  be  assumed  as  weighing  the  same 
per  foot  as  the  main  floorbeams,  and  loo  lb.  should  be  added  for  each  railing  post  and  sidewalk 

ProbUm  3. — Required  the  weight  of  a  low,  riveted,  five-panel  Warren  truss  bridge,  span  80 
ft.;  clear  roadway  16  ft.;  two  5-ft.  sidewalks;  live  load  on  roadway  loo  lb.' per  sq.  ft.,  or  1,600  lb. 
per  lineal  foot  of  bridge;  live  load  on  sidewalk  80  lb.  per  sq.  ft.  or  800  lb.  per  lineal  foot  of  bridge 
making  a  total  of  2,400  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel  exclusive  of 
joist  and  fence  will  be: 
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Weight  of  two  80  ft.  tnisaes,  live  load  2,400  lb.,  Fig.  8 16,250  lb. 

Weight  of  five  floorbeams,  16  ft.  roadway,  Fig.  6  -  740  X  5 3.7«>  lb. 

Weight  of  sidewalk  floorbeams  -=  10(740  X  A  +  100) 3,310  lb. 

Lateral  bracing  =  80  X  16,  Fig.  7 1,280  lb. 

Total  weight  of  steel  exclusive  of  joists  and  fence 24,640  lb. 

TABLE  II. 
Weights  of  Beam  Bridges.    (American  Bridge  Co.) 
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Width  of  Roadway  and  Number 
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BOSTON  BRIDGE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
designed  by  the  Boston  Bridge  Works  are  as  follows: 

Through  truss  highway  bridges  without  sidewalks  designed  for  a  live  load  of  So  lb.  per  sq.  ft. 
for  the  trusses,  loo  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor  The  weight,  w,  of  steel  in  lb. 
per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  ^/9  5  (0 

The  weight  of  through  truss  highway  bridges  with  two  sidewalks  is 

w  «  2.8  -h  LI  11, s  (2) 

The  sidewalks  were  5  or  6  ft.  wide,  and  the  clear  roadways  were  16  to  20  ft.  The  total  area 
covered  by  the  roadway  and  sidewalk  floors  is  to  be  used  in  calculating  the  weight  of  steel. 

Weii^ts  of  Steel  Highway  Plate  Girder  Bridges. — The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows. 

Deck  plate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 
sq.  ft.  for  girders,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  w,  of  steel  in 
lb.  per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

10  -  2.5  -f-  Z,/3.4  (3) 

The  weight  of  deck  plate  girder  highway  bridges  with  sidewalks  is 

10  -  2.5  -h  Z,/4.4  (4) 

The  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is 

w  -  3  -h  L/4.25  (5) 

The  weight  of  through  plate  girder  highway  bridges  is 

w  =  3.3  +  LI5.6  (6) 

Weic^t  of  Electric  Railway  Bridges. — The  Boston  Bridge  Works  gives  the  following  formula 
for  the  weight  of  electric  railway  bridges,  where  W  »  total  weight  of  steel  in  lb.  per  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 
Beam  bridges 

W-so  +  $L  (7) 

Light  truss  bridges 

IT  -  200  -h  0.8L  (8) 

Heavy  truss  bridges 

IT  -  250  -h  1.5L  (9) 

The  beam  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 
15-ton  cars  or  1,500  lb.  per  lineal  foot  of  bridge,  and  the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  2,000  lb.  per  lineal  foot  of  bridge. 

TTPBS  OF  STRUCTURE. — ^The  types  of  structure  for  steel  highway  bridges  as  recom- 
mended by  the  author  are  given  in  section  3,  ''General  Specifications  for  Steel  Highway  Bridges," 
printed  in  the  last  part  of  this  chapter. 

The  types  of  structure  for  bridges  carrying  electric  railway  bridges  as  specified  by  the  Massa- 
chusetts Railroad  Commission,  Mr.  George  F.  Swain,  Consulting  Engineer,  are  as  follows: 

For  single  spans,  the  following  types  of  structure  shall  be  adopted,  unless  peculiar  drcum- 
itances  prevent,  vis  : — 

• 

*  Published  by  permission  of  John  C.  Moses,  Chief  Engineer. 
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For  spans  up  to  20  ft.,  wooden  stringers  or  rolled  beams. 

For  spans  from  20  ft.  to  30  ft.,  rolled  beams  or  plate  girders. 

For  spans  from  30  ft.  to  70  ft.,  plate  girders. 

For  spans  from  70  ft.  to  100  ft.,  plate  girders  or  riveted  trusses. 

For  spans  from  100  ft.  to  125  ft.,  riveted  trusses. 

For  spans  from  125  ft.  to  200  ft.,  riveted  or  pin  trusses. 

For  spans  above  200  ft.,  pin  trusses. 

LIVE  LOADS. — The  effect  of  impact  on  highway  bridges  carrying  electric  cars  is  very  much 
less  than  on  railway  bridges  carrying  steam  trains.  A  description  of  a  series  of  experiments  on 
the  effect  of  impact  on  highway  bridges  carried  on  by  Professor  F.  O.  Dufour  of  the  University  of 
Illinois,  is  given  in  Journal  of  Western  Society  of  Engineers,  June,  1913.  These  experiments 
show  that  a  heavy  floor  reduces  the  effect  of  impact.  The  experiments  were  too  few  in  number  to 
be  of  much  assistance  in  determining  the  proper  percentage  of  impact.  The  American  Bridge 
Company  adds  25  per  cent  to  the  calculated  live  load  stresses  to  take  account  of  impact.  The 
allowance  for  impact  of  the  Massachusetts  Railroad  Commission  is  given  in  an  extract  from  the 
specifications,  which  are  quoted  on  the  following  page.  In  the  author's  "Specifications  for  Steel 
Highway  Bridges"  he  has  taken  impact  for  highway  bridges  as  one-third  that  specified  for  railway 
bridges. 

The  live  loads  for  highway  and  electric  railway  bridges  as  recommended  by  the  author  are 
given  in  section  29  of  the  "Specifications  for  Steel  Highway  Bridges"  printed  in  the  last  part  of 
this  chapter,  calculated  for  impact  as  required  in  section  36. 

The  loads  required  by  the  Massachusetts  Railroad  Commission  for  bridges  carrying  electric 
railways  are  given  in  the  1908  specifications  as  follows: 

12.  The  following  loads  shall  be  provided  for: — 
First,    Dead  Load. — The  weight  of  the  structure  itself. 

In  computing  this,  the  weight  of  timber  shall  be  taken  as  4}  lb.  per  foot  board  measure;  and 
the  weight  of  rails,  steel  guard  rails,  spikes,  and  bolts,  shall  be  taken  as  not  less  than  100  lb.  per 
linear  foot  of  each  track;  but  the  total  weight  of  the  floor,  above  the  stringers,  shall  not  be  assumed 
less  than  300  lb.  per  running  foot  for  each  track. 

Second,    Live  Load. — ^The  moving  load. 

Stringer  spans  and  the  floor  system  of  all  trusses  or  girders  shall  be  proportioned  to  carry  a 
double-truck  car  weighing  when  loaded  50  tons  with  a  total  wheel-base  of  25  ft.  and  a  wheel-base 
for  each  truck  of  5  ft. 

13.  Uniform  Load. — ^Trusses  and  girders  shall  be  proportioned  to  carry  one  car  of  the  above 
type,  or  a  uniformly  distributed  load,  on  each  track.  This  uniform  load  shall  be  varied  according 
to  the  length  which  has  to  be  loaded  by  it  to  produce  the  maximum  stress  in  the  member  in  ques- 
tion. If  this  "loaded  length"  is  100  ft.  or  less,  the  load  shall  be  1,500  lb.  per  linear  foot  of  track; 
and  if  the  "loaded  length"  is  300  ft.  or  over,  the  load  shall  be  1,000  lb.  per  linear  foot  of  track, 
and  proportionally  for  intermediate  lengths. 

14.  EQghway  Bridges. — In  highway  bridges  carrying  electric  roads  the  above  specifications 
shall  apply  with  reference  to  the  loads  upon  the  railway  track.  In  addition,  the  following  moving 
loads  should  be  assumed  upon  the  highway  floor: — 

(a)  City  Bridges. — For  city  bridges,  subject  to  heavy  loads: — 

For  the  floor  and  its  supports,  a  uniform  load  of  100  lb.  per  sq.  ft.  of  surface  of  the  roadway 
and  sidewalks,  or  a  concentrated  load  of  20  tons  on  two  axles  12  ft.  apart,  with  6  ft.  between 
wheels.  In  computing  the  floorbeams  and  supports,  the  railway  load  shall  be  assumed,  together 
with  either  (i)  this  uniform  load  extending  up  to  within  two  feet  of  the  rails,  or  (2)  the  above- 
described  concentrated  load  alone. 

For  the  trusses  or  girders,  1 00  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  100  ft.  or  less,  80  lb. 
for  spans  of  200  ft.  or  over,  and  proportionally  for  intermediate  spans.  This  uniform  load  is 
to  be  taken  as  covering  the  floor  up  to  within  two  feet  of  the  rails. 

{b)  Suburban  Bridges. — For  suburban  or  town  bridges,  or  heavy  country  highway  bridges: — 

For  the  floor  and  its  supports,  a  uniform  load  of  100  lb.  per  sq.  ft.,  or  a  concentrated  load  of 
12  tons  on  two  axles  8  ft.  apart;  these  loads  to  be  used  as  described  under  (o). 

For  the  trusses  or  girders,  80  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  1 00  ft.  or  less,  and  60 
lb.  for  spans  of  200  ft.  or  more,  and  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a).     See  (rf). 

(c)  Country  Bridges. — For  light  country  highway  bridges: — 

For  the  floor  and  its  supports,  a  uniform  load  of  80  lb.  per  sq.  ft.;  this  load  to  be  used  as 
described  under  (a).    See  {d). 
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For  the  trusses  or  girders,  80  lb.  per  sq.  ft.  of  floor  surface  for  spans  of  75  ft.  or  less,  and  50 
lb.  for  spans  of  200  ft.  or  more,  and  proportionally  for  intermediate  spans;  to  be  used  as  described 
under  (a). 

{d)  Road  Rollers. — ^All  parts  of  the  floor  of  a  highway  bridge  should  also  be  proportioned  to 
carry  a  road  roller  weighing  15  tons,  and  having  three  wheels  or  rollers,  the  weight  on  the  front 
roller  being  6  tons,  and  the  weight  on  each  rear  roller  to  be  4.5  tons.  The  width  of  the  front 
roller  is  to  be  taken  as  4  ft.,  and  of  each  rear  roller  20  in.;  the  distance  apart  of  the  two  rear  rollers 
to  be  5  ft.  centers,  and  the  distance  between  front  and  rear  rollers  11  ft.  centers.  In  using  this 
roller,  the  fiber  stresses  allowed  shall  be  30  per  cent  above  those  specified  in  paragraph  18;  and,  if 
the  stringers  are  not  over  2}  ft.  apart  on  centers,  each  load  shall  be  considered  distributed  equally 
on  two  stringers. 

(f)  Ties. — If  ties  or  wooden  floorbeams  are  exposed  to  bending,  the  weight  on  one  axle  shall 
be  considered  as  distributed  equally  upon  three  ties,  if  the  latter  are  not  over  8  in.  apart  in  the 
dear.  If  they  are  farther  apart,  the  load  on  each  shall  be  found  by  assuming  an  axle  load  to  be 
distributed  uniformly  over  a  distance  of  four  feet. 

15.  Impact. — ^The  total  maximum  stress  in  any  piece  shall  be  computed  by  adding  together 
the  d&aA  and  live  stresses,  the  live  loads  being  placed  in  the  most  unfavorable  position,  together 
with  a  percentage  of  the  live  stress  to  allow  for  impact  and  vibration.  This  added  percentage 
shall  be  as  follows: — 

For  floorbeams  and  stringers 25  per  cent 

For  floorbeam  hangers 40 

For  all  counters 40 

For  other  members  in  trusses,  and  for  main  girders: — 

When  the  "loaded  length"  is  20  ft.  or  less 25 

When  the  "loaded  length"  is  200  ft.  or  more 10 

and  proportionaUy  for  intermediate  lengths. 

Wind  Loads. — ^The  wind  loads  for  highway  bridges  are  given  in  "Specifications  for  Steel 
Highway  Bridges,"  printed  in  the  last  part  of  this  chapter. 

Mlacellaneoiis  Loads. — ^For  additional  loads  and  specifications  for  various  details,  see  the 
author's  specifications  printed  in  the  last  part  of  this  chapter. 

CALCULATION  OF  STRESSES.— For  the  calculation  of  the  stresses  in  highway  bridges, 
see  the  author's  "The  Design  of  Highway  Bridges,"  also  see  Chapter  XVI. 

ALLOWABLE  STRESSES.— For  allowable  stresses  to  be  used  in  the  design  of  steel  highways 
bridges,  see  "  General  Specifications  for  Steel  Highway  Bridges,"  printed  in  the  last  part  of  this; 
chapter. 

SHORT  SPAN  STEEL  HIGHWAT  BRIDGES.— The  term  short  span  highway  bridges 
win  be  assumed  to  include  beam,  leg,  low  truss  and  plate  girder  bridges. 
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Fig.  14.    Beam  Bridge.    American  Bridge  Company. 
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PLATE  GIRDERS. 

UtMmI  Low  Trass  Bridges. — Low  riveted  bridges  are  made  with 
trunes.  (he  Warren  truss  usually  being  preferred.  The  upper  chords  o[  e 
spam  are  usually  made  of  two  angles,  placed  back  to  back  as  in  Fig.  16,  c 
spans  the  upper  chords  may  be  made  of  two  angles  and  a  plate,  two  channi 
*ith  a  top  cover  plate  and  lacing  on  the  bottom  side  of  the  member.  ' 
web  members  are  made  of  two  angles  placed  in  the  same  relative  position 

Details. — Details  of  a  riveted  low  truss  highway  bridge  with  the  t 
tbe  lower  chords,  are  shown  in  Fig.  16.  The  end  shoe  is  bolted  to  the 
ucbor  bolts.  The  holes  in  the  bearing  plates  of  the  shoes  should  be  slot 
movement  due  to  changes  in  temperature.  Sliding  plates  should  be  pn 
end;  tbe  suri'aces  of  the  bearing  and  sliding  plates  in  contact  being  plane 

Details  of  riveted  low  truss  highway  bridges  with  box-  and  with  tei 
beams  riveted  below  the  lower  chords;  and  details  of  a  riveted  low  tn 
box-ebords  and  with  suspended  floorbcams  are  shown  in  Fig.  16.  It  wi 
bracts  are  provided  in  this  design.  The  same  method  of  suspending  thi 
Tig.  16  for  a  low  truss  bridge  with  sidewalks.  Where  side  braces  are  n< 
be  made  wider  than  where  braces  are  used. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  1 
by  the  American  Bridge  Company  for  locations  requiring  an  artistic  ani 
nndcrate  cost.  Thb  bridge  has  been  built  with  six  panels  and  with  apt 
The  bridge  in  Fig.  17  has  a  20-ft.  roadway  and  was  designed  for  a  dead 
foot  o(  bridge,  and  a  live  load  of  3,400  lb.  per  lineal  foot  of  bridge.  The 
io  this  bridge,  exclusive  of  jtnsts  and  fence  is,  approximately,  57,000  I 
rolled  I  beams  and  are  riveted  below  the  chords.  The  top  chords  are  mac 
top  cover  plate,  the  \oweT  edges  of  the  channeb  being  fastened  togethei 
B  much  better  practice.  Tbe  bottom  chord  is  composed  of  two  angles,  n 
ateall  right  for  this  member.  The  web  members  are  made  of  2  or  4  angles 
not  shown,  are  used  for  the  lower  lateral  system. 

Ptn-connected  Low  Truss  Bridges. — Pin-connected  low  truss  highws 
buQt  of  the  Pratt  type,  with  either  halF-hip  or  full-slope  end-posts.  T 
eoDiwcted  low  truss  highway  bridges  are  made  of  two  channels  and  a  tc 
channels  laced;  the  posts  are  usually  made  of  four  angles  laced  or  bati 
meaiberB  are  made  ol  rods  or  eye-bars.  The  posts  and  the  chords  shoulc 
■bould  be  securely  fastened  to  the  floorbcams,  or  side  braces  should  be  v 
.American  Bridge  Company's  half-hip,  low  truss  Pratt  highway  bridge  wit 
to  pUte  hangers  arc  shown  in  (a),  Fig,  18;  while  tbe  details  of  a  full-slope, 
bridge  are  shown  in  (b).  Fig.  18.  Low  truss  pin-conncctcd  bridges  sh< 
tttrcme  care  is  used  to  brace  the  trusses  transversely.  The  half-hip  ty{ 
full-slope  type. 

Rate  Girders. — Plate  girders  are  frequently  used  for  highway  bridge! 
•ill  permit  deck  plate  girder  bridges  are  to  be  preferred  to  through  plate  gi 
•efvke.  Detail  plans  of  a  through  plate  girder  bridge  with  a  solid  floor  aj 
dtuils  of  plate  girderB  when  used  for  highway  bridges  are  essentially  thi 
railway  bridges,  which  see. 

Details  of  a  109-ft.  span  through  plate  girder  highway  bridge  built  o\ 
Hicki  in  Jersey  City,  N.  J.  are  given  in  Fig.  20  and  Fig.  21.  The  prden 
load  of  100  lb.  per  »q.  ft.  on  roadway  and  sidewalk;  while  the  roadway 
liw  load  of  100  lb.  per  sq.  ft.  and  two  12,000  lb.  axle  loads  spaced  10  ft. 
•^  25  per  cent  for  impact.  The  expansion  end  is  carried  on  4  in.  rolle 
mininium  thicfcoess  of  4  in.  and  b  covered  with  ij  in.  of  binder  and  2  in. 
iWer  weighed  112,000  lb.;  and  the  total  weight  of  steel  in  the  bridge  w 


STEEL  HIGHWAY  BRIDGES. 


|l 


\lr^ 

^^^1 

[         •'•  fefOI 

L_. 

-.r^^ 

I 


HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES. 


125 


HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES.— Through  truss  bridges  with  spans  of 
from  So  to  170  ft.,  are  built  with  parallel  chords  and  with  either  pin-connected  or  riveted  joints. 
For  spans  of  from  160  to  220  ft.  bridges  are  usually  built  of  the  Pratt  type  with  inclined  upper 
chord  (camel-back)  trusses.  Above  220  ft.,  bridges  are  usually  built  with  the  Petit  type  of  truss. 
The  above  limits  are  approximate  only.  High  truss  pin-connected  bridges  should  never  be  built 
with  less  than  five  panels. 

Types  of  bridge  adopted  in  the  American  Bridge  Company's  standards  are  as  follows: 

Pratt,  pin-connected  trusses 80  to  168  ft.  span 

Pratt,  riveted  trusses 80  to  168  ft.  span 

Warren,  quadrangular,  riveted  trusses 80  to  152  ft.  span 

Inclined  chord  Pratt  (camel-back),  pin-connected  trusses 168  to  220  ft.  span 

Petit  trusses,  pin-connected 220  ft.  span  and  over. 

Ezamples  of  Highway  Bridges. — ^The  details  of  a  riveted  truss  highway  bridge  for  light 
country  traffic  designed  by  Mr.  H.  S.  Crocker,  Consulting  Engineer,  Denver,  Colo.,  are  given  in 
Fig.  22  and  Fig.  23.  The  details  of  a  pin-connected  truss  highway  bridge  designed  for  country 
traffic  are  given  in  Fig.  24,  Fig.  25  and  Fig.  26.  Both  of  these  bridges  represent  standard  practice 
m  the  design  of  steel  highway  bridges  for  light  country  traffic.  For  additional  examples  of  steel 
highway  bridges,  see  the  author's  "The  Design  of  Highway  Bridges." 

Economic  Deptii  and  Panel  Length  of  Trusses. — The  economic  depth  and  panel  length  of 

trusses  is  not  cap>able  of  mathematical  calculation.     The  minimum  depth  is  determined  by  the 

required  clear  head  room,  which  varies  from  12}  to  15  ft.     Short  panel  lengths  give  heavy  trusses 

and  light  floor  systems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.     For  ordinary 

conditions  it  is  not  economical  to  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 

25  ft.  for  long  spans.     The  minimum  depth  for  through  spans  is  about  16  feet  where  the  floorbeams 

are  placed  below  the  lower  chords.     To  make  a  stiff  structure,  the  depth  should  be  sufficient  to 

permit  the  placing  of  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient  portal  and 

sway  bracing.     Experience  has  shown  that  the  most  economical  conditions  occur  when  the  angle  9, 

the  tangent  of  which  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.     The  top  chord 

points  of  bridges  with  inclined  chords  should  be  approximately  on  a  parabola  passing  through  the 

pin  at  the  hip. 

TABLE  IV. 

Depths  and  Panel  Lengths  of  Through  Highway  Bridges  Used  by  American  Bridge 

Company. 


Type  of  Tmas. 

Span,  Feet. 

Number  of 
Panels. 

Ratio  of  Depth  to  Panel  Length. 

Pratt,  riveted  and  pin-connected 

Quadrangular,  Warren  riveted... 

Camel-back,  pin-connected 

Petit,  pin-connected 

80  to    9c 

96  to  126 

133  to  147 

152  to  168 

80  to    90 

90  to  114 

119  to  133 

135  to  152 

162  to  180 

190  to  220 

240  to  376 
294  to  322 

5 
6 

7 
8 

5 
6 

7 
8 

9 
10 

12 
14 

I.O 
I.O 
1.0 
I.I 

I.O 
I.O 
I.O 
I.I 

I.O,  1. 159,  I.2S,  1.29 
I.O,  1.238,  1.28,  1.43 

I.O,  1.397,  I.S5S,  1.714 
I.O,  1.36,  1.60,  1.84,  2.00 

HIGBCWAY  bridge  floors. — Highway  bridge  floors  are  made  of  timber  as  in  Figs. 
27  and  28:  reinforced  concrete;  buckle  plate;  corrugated  steel  floor,  Z-bar  floor,  or  angle  and  plate 
floor  filled  with  concrete.  For  specifications  for  floors,  see  "Specifications  for  Steel  Highway 
Bridges"  in  the  latter  part  of  this  chapter. 
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Plank  FlooTB. — ^The  wearing  surface  should  be  of  white  oak  or  similar  timber  kid  transversely^ 
of  the  bridse.  Where  two  layers  of  planic  are  used  the  lower  layer  is  commonly  laid  diagonally. 
Planks  should  be  laid  from  }  to  1  in.  apart  m  that  water  will  not  be  retained  but  will  run  through 


Fig.  37.    Timber  Floor,  sotb  Street  Viaduct,  Dbhver,  Cco^rado. 

and  give  the  planks  an  opportunity  to  dry  out.     Where  more  than  one  layer  of  planks  is  used  the 
nMnsture  is  retained  and  decay  is  quite  rapid  unless  precautions  are  taken  to  protect  the  timber. 


Fig.  28.    TiuBBK  Floor,  231D  Street  Viaduct,  Denver,  Colorado. 

A  liberal  application  of  coal  tar  to  the  surfaces  that  are  not  exposed  will  prok>ng  the  life  of  the 
floor  materially.  If  posdble,  timber  treated  by  a  preservative  process  should  be  used  for  floors 
compoaed  of  more  than  one  layer  of  plank.     Each  plank  should  be  solidly  spiked  to  the  jobts. 


SHOES  AND  PEDESTALS. 

A  timber  floor  with  creosoted  timber  block  wearing  surface  is  shown  ia  Fi 
blocks  should  be  laid  with  plenty  of  room  for  the  pitch  filler,  and  should  not 
cmtuon.  Where  timber  blocks  have  been  laid  on  a  sand  cushion  the  blocki 
heaved  ID  badly  that  the  paving  has  not  been  satisfactory. 

Keirfbre«d  Concrete  Floort.— The  lower  edge  is  reinforced  with  expands 
or  witfa  wiiE  netting  or  other  form  of  reinforcement.  The  wearing  surface 
RJnfanzd  concrete  flcx>rs  is  commonly  made  of  asphalt  as  in  Fig.  30,  of  paving 
of  wooden  blocks  or  other  form  of  pavement.  Recently  the  wearing  surface 
nxiglKocd  concrete,  but  its  use  is  still  in  the  experimental  stage.  (Roughene 
Kubcts  on  bridges  in  Denver,  Colo.,  are  giving  excellent  satisfaction.)  The 
foot  walks  are  made  of  concrete  with  a  cement  finish  as  for  udewalks.  Care 
provide  an  expansion  joint  at  one  end  of  the  bridge.  This  may  be  accomplii 
btot  plate  filled  with  asphalt  placed  between  the  end  of  the  floor  and  the  abi 

BoeUe  Plates. — Buckle  plates  are  made  by  "dishing"  flat  plates  as  in 
The  width  of  the  bucUe  W  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  T 
turned  with  the  greater  dimension  in  either  direction  of  the  plate.  Several  i 
in  Mte  plate,  all  of  which  must  be  the  same  uze  and  symmetrically  placed. 
"^  i  in-  A  >n.>  I  in.  and  -A  >"■  in  thickness.  For  details  of  corrugated  stei 
Chapter  i. 


Fics.  31.    Latticb  Floorbeam  and  Solid  Buckle  Plate  Fi 
WATEBPROOFinO    BRIDGE    FLOORS.— For  methods  of  waterpro 
■encthods  of  wateiproo&ng  railway  bridge  floors  in  Chapter  IV. 

SHOES  AHD  PEDESTALS.— The  bridge  rests  on  shoes  or  pedestals,  thi 
(oted  to  the  shoes  in  pin-connected  bridges  by  means  of  pins,  and  through  t 
rimed  bridges.  The  shoes  at  the  expansion  ends  of  the  bridge  are  placed 
pbta  for  bridges  of  less  than,  say.  70  ft.  span,  and  on  nests  of  rollers  for  spai 
The  mion  of  the  rollers  under  the  expansion  ends  of  riveted  bridges  will  b 
firterf  if  the  shoes  are  pin-connected  to  the  truss  the  same  as  for  pin-connecti 
ibonld  be  made  with  as  large  diameters  as  practicable  in  order  to  reduce  the  ; 
pbte  and  also  to  reduce  the  resistance  to  movement.  Experience  shows  ' 
hridges  rollers  smaller  than  3  in.  diameter  arc  practically  worthless.  To  ec< 
■ental  roUers,  as  shown  in  Pig.  3a,  are  often  used  for  heavy  spans. 

It  is  uMial  to  specify  that  a  movement  produced  by  a  variation  of  150  de 
vidcd  lor.  The  coefficient  of  expansion  of  steel  is  approximately  0.000006; 
*tkli  makes  it  necessary  to  provide  for  approximately  one  inch  of  movemen 

Wboe  both  bridge  sents  are  of  the  same  height,  the  fixed  end  is  carried  o 
htocki.  Tht  blocks  are  usually  made  with  recesses  (honey-combed)  to  reduc 
Act*  and  Oder  details  of  the  American  Bridge  Company's  standard  highway  1: 
Fig.  3)  and  Fig.  34. 
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FENCE  AKD  HDB  OTIAIU)S.-~The  umplett  form  of  fence  is  that  shown  ia  Fig.  36.  The  poMs 
are  made  of  4  in.  X  4  in.  pieces  and  are  spaced  about  8  ft.  apart.  The  top  railing  is  made  of  two 
pieces  3  in.  X  4  in.,  while  the  side  piece  is  a  3  in.  X  8  in.    Similar  details  are  used  for  steel  joists. 

„. JiO'.....„ 


61/iJ*  fVttta  ^taei^ 


.<'/'    .~Xi--C»stlnmP*,^tl 


Fig.  33.    Segmental  Rollees. 


&r7asf. 


£xpo»iion  End. 


Fig.  33.    Shoes  foe  Riveted  Highway  Bridge.     (American  Bkidgb  Co.) 


(Itvii  fyr  Bi^iom  Latenah. 
ii-fla^5  for'^L  aiereih. 


Fig.  34.    Sboes  and  Floor  Details  for  Pin-Connbctbd  Highway  Bridgb. 
(American  Bridge  Co.) 

The  4  in.  X  6  In.  felloe  guard  should  be  firmly  bolted  to  the  floor.  Blocks  of  wood  I  or  2  inche* 
thick,  called  "shims,"  are  sometimes  placed  between  the  felloe  guard  and  the  floor.  Shims  are 
of  questionable  utility,  and  should  not  be  used.     A  gas  pipe  fence  with  angle  rail  is  shown  in  Fig,  35. 
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A  K^a  pipe  railing  with  gas  pipe  posts  is  shown  in  Fig.  37.  The  posts  should  be  spaced-not 
iDore  than  8  ft.  apart.  The  rati  in  Fig.  37  was  used  in  the  Pennsylvania  Ave.  Subway,  Phila- 
delphia, and  waa  furnished  at  S0.95  per  lineal  foot.  An  ornamental  fence  with  pipe  top  rail  and 
cast  iron  newel  poets  is  shown  in  Fig.  38.  The  rail  in  Fig.  38  was  used  on  the  same  contract  as 
that  shown  in  Fig-  37,  and  was  furnished  at  (a. 00  per  lineal  foot.  Details  of  the  feoce  and  light 
pole*  for  the  aotb  St.  Viaduct,  and  the  fence  on  33rd  St.  Viaduct,  Denver,  Colo.,  de»gned  by 
Mr.  ff .  S.  Crocker,  Consulting  Engineer,  are  shown  in  Fig.  39. 


.1- 

■Si* 


f,*?-'  spaud about 5-0 
Efjfe — 0.6^wa3her 
•^     jcSOdnail^ 


Fig.  35. 

UiscellAneous  Data. — The  American  Bridge  Company's  standards  contain  the  following 
data:  For  low  spans  the  center  to  center  length  should  equal  the  clear  span  plus  1  ft.  6  in.;  while 
the  length  over  all  is  equal  to  the  center  to  center  length  plus  i  ft.  For  high  trusses  the  center 
to  center  length  should  equal  the  dear  span  plus  2  ft.;  while  the  length  over  all  is  equal  to  the 
center  to  center  length  plus  i  ft.  6  in 


•-t^pt  ijdiatn. 


Fig.  37- 


ffcu/tlinq-'' 
Fig.  38. 


Standard  lattice  rail  is  made  of  two  angles  3\  in.  X  a  in.  K  A  "»-.  '8  in.  back  to  back,  with 
double  lacing  made  of  i)  in.  X  A  ■"'•  i^  in.  center  to  center.  Total  weight  of  this  rail  is  9)  lb. 
per  lineal  foot,  plus  25  lb.  for  each  end.  This  weight  does  not  include  the  posts.  Posts  for  gas 
fdpc  fail  wMgh  as  lb.  each  and  should  be  placed  at  each  panel  point  and  midway  point. 
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Fig.  39.    Steel  Fence  for  Highway  Bridges. 

Anchor  bolts  for  high  spans  may  be  estimated  at  20  lb.  per  span.  Anchor  bolts  for  low  truss 
spans  may  be  estimated  at  16  lb.  per  span.  Floor  bolts  through  wheel  guard  wcigli  one  lb.  per 
lineal  foot  of  span. 

[n  estimating  the  weight  of  sidewalk  brackets  run  the  Hoorbcam  out  a  distance  equal  to  the 
clear  width  of  the  sidewalk  and  add  100  lb,  for  the  weight  of  the  railing  post. 


GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY  BRIDGES.* 

BY 

MILO  S.   KETCHUM, 

M.  Am.  Soc.  C.  E. 

Second  Edition, 

1914. 

PART  I.     DESIGN. 

General  Description. 

1.  Classes. — Bridges  under  these  specifications  are  divided  into  eight  classes,  as  follows: 
Class  A. — For  city  traffic. 

Class  B. — For  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Class  C. — For  country  roads  with  ordinary  traffic  and  light  electric  cars. 

Class  Di. — For  country  roads  with  heavy  traffic. 

Class  Dj. — For  country  roads  with  light  traffic. 

Class  El, — For  heavy  electric  street  railways  only. 

Class  Ej. — ^For  medium  electric  street  railways  only. 

Class  E». — ^For  light  electric  street  railways  only. 

2.  MateriaL — ^All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  flooring,  floor 
joists  and  wheel  guards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
machinery  of  movable  bridges,  for  wheel  guards,  and  in  special  cases  for  bed  plates. 

3.  Types  of  Truss. — ^The  following  types  of  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  beams. 

Spans  from  ^o  to  80  ft. — Riveted  plate  girders,  or  riveted  low  ti^sses  for  classes  A,  B,  Ei, 
Et  and  E3;  and  nveted  low  trusses  for  classes  C,  Di  and  D|. 
Spans  80  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  200  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
Spans  over  200  ft. — Pin-connected  trusses  of  the  Petit  type. 

4.  Length  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
distance  between  centers  of  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
riveted  trusses  and  for  girders,  and  center  to  center  of  trusses  for  floorbeams. 

5.  Form  of  Trusses. — ^The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
through  trusses  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
shall  be  made  rigid  members  if  the  wind  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bridges  the  floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bradog. — ^All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
must  be.  made  of  shapes  capable  of  resisting  compression  as  well  as  tension,  and  shall  have  riveted 
connections.  Low  trusses  and  through  plate  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  floorbeam. 

7.  Spadng  of  Trusses. — ^For  bridges  carrying  electric  cars  the  clear  width  from  the  center  of 
the  track  shall  not  be  less  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centers  of  trusses  shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-ptns  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room. — ^For  classes  A,  B,  C,  Di,  Ei,  Ei  and  Ei  the  clear  head  room  for  a  width  of 
eight  (8)  ft.  on  each  track,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  than 
15  ft.,  and  for  class  D*  not  less  than  12}  ft. 

9.  Footwalks. — Where  footwalks  are  required,  they  shall  generally  be  placed  outside  of  the 
trusses  and  be  supported  on  longitudinal  beams  resting  on  overhanging  steel  brackets. 

10.  HandraiUng. — ^A  strong  and  suitable  handrailing  shall  be  plac^  at  each  side  of  the  bridge 
and  be  rigidly  attached  to  the  superstructure. 

11.  Trestle  Towers. — ^Trestle  bents  shall  preferably  be  composed  of  two  supporting  columns, 
two  bents  forming  a  tower;  each  tower  thus  formed  shall  be  thoroughly  braced  in  both  directions 
and  have  struts  between  the  feet  of  the  columns.  The  feet  of  the  columns  must  be  secured  to 
an  anchorage  capable  of  resisting  one  and  one-half  times  the  specified  wind  forces  (§89). 

•  Reprinted  from  the  author's  "The  Design  of  Highway  Bridges." 
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they  shall  be  spaced  with  openings  not  exceeding  6  in.,  shall  be  notched  down  i  in.,  and  secured 
to  the  supporting  stringers  by  f  m.  bolts  spaced  not  over  6  ft.  apart.  The  ties  shall  extend  the 
full  width  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend  the  ftill  width  in  through 
bridges  to  carry  the  footwalk.  Ties  shall  be  designed  for  the  same  allowable  unit  stresses  as 
wooaen  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  side  of 
each  track,  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  i  in.  over  every  tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
lap.  Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  }  in.  bolt. 
AU  heads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART  II.    LOADS. 

28.  Dead  Load. — ^The  dead  load  will  consist  of  (i)  the  weight  of  the  metal,  and  (2)  the  weight 
of  the  timber  in  the  floor,  or  of  the  material  other  than  steel.  In  determining  the  dead  load  the 
weight  of  oak  or  other  hard  wood  shall  be  taken  at  4)  lb.  per  foot  board  measure,  and  the  weight 
of  pine  or  other  soft  woods  at  3i  lb.  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  concrete  and 
paving  brick  at  150  lb.,  and  of  granite  at  160  lb  per  cu.  ft. 

The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  to 
weigh  not  less  than  100  lb.  per  lineal  foot  of  track. 

29.  live  Load. — ^The  bridges  of  different  classes  shall  be  designed  to  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Ckus  A.  For  City  Traffic. — For  the  floor  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  concentrated  load  of  24  tons  on  two  axles  10  ft.  centers  and  5  ft. 
gage  (assumed  to  occupy  12  ft.  in  width  for  a  single  line  or  22  ft.  for  a  double  line),  and  upon 
the  remaining  portion  of  the  floor,  including  walks,  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  B,  For  Suburban  or  Inierurban  Traffic. — For  the  floor  and  its  supports,  on  any  part 
of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed 
to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
axles  10  ft.  centers;  and  on  the  remaining  portion  of  the  floor,  including  footwalks,  a  load  of  100 
lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  C.  For  Highway  and  Light  Interurban  Traffic. — For  the  floor  and  its  supports,  on 
any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage 
(assumed  to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  18  tons 
on  two  axles  10  ft.  centers;  and  upon  the  remaining  portion  of  the  floor,  including  footwalks,  a 
load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  D\.  Heavy  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
sq.  ft.  of  total  floor  surface  or  a  20-ton  traction  engine  with  axles  11  ft.  centers  and  7  ft.  gage, 
four-fifths  of  the  load  to  be  carried  on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Class  Dt.  Ordinary  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  80  lb.  per 
sq.  ft.  of  total  floor  surface  or  a  15-ton  traction  engine  with  axles  10  ft.  centers  and  6  ft.  gage, 
two-thirds  of  the  load  to  be  carried  on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  800  lb.  per  lineal  foot  of  bridge. 

Class  El.  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  40,000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6,000 
lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft. 
anci  over,  and  proportionately  for  intermediate  spans. 

Class  Et.  For  Medium  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  25,000  lb.,  making  a  total  load  of  100,000  lb.  Or  a  uniform  load 
of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  2,000  lb.  per  lineal  foot  for  spans 
of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

Class  Et.  For  Ldght  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  .while  the  distance 
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34.  Longitadiiial  Forces. — The  stresses  produced  in  the  bracing  of  the  trestle  towers,  in  any 
members  of  the  trusses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearings,  by  sud- 
denly stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provid^  for; 
the  coef&cient  of  friction  of  the  wheels  on  the  rails  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 

PART  III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

36.  Unit  Stresses. — All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified 
by  §45  and  §48. 

impact. — ^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maximum  live 
load  stresses  and  shall  be  determined  by  the  formula 

/  =  5  •  ioo/(L  +  300) 

where  I  «  impact  increment  to  be  added  to  the  live  load  stresses; 
S  »  computed  live  load  stress; 

L  =»  loaded  length  of  bridge  in  feet  producing  the  maximum  stress  in  the  member. 
Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

37.  Tension.-j-Axial  tension  on  net  section 16,000 

38.  Compression. — ^Axial  compression  on  gross  section 16,000  —  70 -//r 

where  '7"  is  the  length  of  member  in  inches  and  "r"  is  the  least  radius  of  gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
prration  for  main  members  or  120  times  for  laterals  for  classes  A,  B,  C,  Ei,  £s  and  E3;  or  125  times 
Its  least  radius  of  gyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  D2. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section 16,000 

on  extreme  fibers  of  pins 24,000 

40.  Shearing. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

41.  Bearing.-^Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  linear  inch 6ood 

where  **d'*  is  the  diameter  of  the  roller  in  inches. 

42.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.    Tne  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 


43.  Angles  Fastened  by  Both  Legs. — ^Angles  subject  to  direct  tension  must  be  connected 
by  both  legs,  or  the  section  of  one  leg  only  will  be  considered  as  effective. 

4^  Net  Section. — In  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduction  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet  holes 
shall  be  taken  as  having  a  diameter  i  in.  greater  than  the  normal  size  of  rivet. 

45.  Long  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
span  is  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
the  chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses. — ^The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
need  not  be  considered  except  as  follows: 

1.  When  the  direct  wind  stresses  per  square  inch  in  any  member  exceeds  25  per  cent  of  the 
stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  then  be  increased 
until  the  total  unit  stress  shall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 
stress  for. dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  combination  with  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  flexural  stresses  due  to  wind  are  considered  50  per  cent  may  be  added 
to  allowable  stresses  for  dead  and  live  loads,  provided  the  area  thus  obtained  is  not  less  than 
required  for  dead  and  live  loads  alone,  or  for  dead,  live  and  direct  wind  loads  designed  as  in  §  46. 

47.  Combined  Stresses. — Members  subjected  to  direct  and  bending  stresses  shall  be  designed 
so  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable  unit  stress  on  the  member. 
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48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due  to  weight  and 
eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allowable  unit  stress  on  the  member 
such  excess  must  be  considered  in  proportiomng  the  member.     See  §46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increase 
of  the  live  load  of  25  per  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  cent. 

50.  Design  of  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of 
inertia  of  their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  shall  be  not  less  than  1/160  of  the  unsupported 
distance  between  flange  angles.    See  §51. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  gross  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanges  stayed 
at  each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

51.  Web  Plates. — ^The  webs  of  plate  girders  must  be  stiffened  at  intervals,  not  exceeding  the 
depth  of  the  girder  or  a  maximum  of  5  ft.,  wherever  the  shearing  stress  per  sq.  in.  exceeds  the 
stress  allowed  by  the  following  formula: 

Allowed  shearing  stress  =  12,500  —  90  Jf, 

where  H  —  ratio  of  depth  of  web  to  its  thickness;  but  no  web  platen  shall  be  less  than  ^  in.  in 
thickness. 

52.  Stiffeners. — ^All  stiffeners  must  be  capable  of  carrying  the  maximum  vertical  shear 
without  exceeding  the  allowed  unit  stress. 

P  =  16,000  —  7o//r 

where  r  »  radius  of  gyration  of  the  stiffeners  at  right  angles  to  the  web,  and  /  =  one-half  depth 
of  girder,  both  in  incnes.  Elach  stiffener  must  connect  to  the  webs  by  enough  rivets  to  transfer 
the  maximum  shear  to  or  from  the  webs. 

The  outstanding  legs  of  stiffeners  shall  not  be  less  than  one-thirtieth  of  the  depth  of  girder, 
plus  2  in. 

53.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufHcient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  ties. 

54.  Depth  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
than  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded. 

55.  Rolled  Beams. — Rolled  beams  shall  be  designed  by  using  their  moments  of  inertia. 

PART  IV.    DETAILS  OF  DESIGN. 

General  Requirements. 

56.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes* 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

59.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  turn- 
buckles. 

60.  Strength  of  Connections. — The  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

61.  Minimum  Thickness. — ^The  minimum  thickness  of  metal  shall  be  ^  in.  in  classes  A,  B, 
C,  El,  Et  and  Ea,  except  for  fillers;  and  \  in.  in  classes  Di  and  Dj,  except  for  fillers.  The  minimum 
angle  shall  be  2  in.  X  2  in.  X  i  in.  The  minimum  rod  shall  have  an  area  of  at  least  i  sq.  in.,  in 
all  classes  except  Di  and  Di,  which  shall  have  no  rods  less  than  }  in.  in  diameter. 

62.  Pitch  of  Rivets. — ^The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  f-in.  rivets* 
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2i  in.  for  }-in.  rivets,  and  2  in.  for  f-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for 
members  compiled  of  plates  and  shapes  shall  be  16  times  the  thickness  of  the  thinnest  outside 
plate  or  6  in.  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12  in. 
apart  in  either  direction  shall  be  used  to  hold  the  plates  well  together.  In  tension  members  com- 
posed of  two  angles  in  contact,  a  pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

63.  Edge  instance. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  li  in.  for  J-in.  rivets,  li  in.  for  }-in.  rivets,  and  li  in.  for  f-in.  rivets  i  and  to  a  rolled 
edge  li.  il  and  i  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  plate,  but  shall  not  exceed  6  in. 

64.  Maximum  Diameter. — ^The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  dfriven.  In  minor  parts  {-in. 
rivets  may  be  used  in  3-in.  angles,  }-in.  rivets  in  2i-in.  angles,  and  |-in.  rivets  in  2-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  iV-in.  of  grip. 

66.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression^  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

67.  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

68.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

69.  Batten  Plates. — ^The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  the  ends  as  practicable,  and  shall  have  a  length  not  less  than  the  greatest  width  of 
the  member  or  ij  times  its  least  width. 

70.  Lattice  Bars. — The  latticing  of  compression  members  shall  be  proportioned  to  resist 
the  Clearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 
column  formula  in  paragraph  38  by  the  term  70  //r.  They  must  not  be  less  in  width  than  i  J  in, 
for  members  6  in.  in  width,  1}  in.  for  members  9  in.  in  width,  2  in.  for  members  12  in.  in  width, 
2i  in.  for  members  15  in.  in  width,  nor  2^  in.  for  members  18  in.  and  over  in  width.  Single  lattice 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lattice  bars  connected  by  a  rivet 
at  the  intersection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 
to  the  members.  They  shall  be  inclined  at  an  angle  not  less  than  60^  to  the  axis  of  the  member  for 
single  latticing,  nor  less  than  45^  for  double  latticing  with  riveted  intersections. 

71.  Spacing  of  Lattice  Baxs. — Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange 
included  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pitch  of 
the  lattice  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches. 

72.  Rivets  in  Flanges. — Five-eighths-inch  rivets  shall  be  used  for  latticing  flanges  less  than 
2}  in.  wide;  j-in.  for  flanges  from  2^  to  3}  in.  wide;  {-in.  rivets  shall  be  used  in  flanges  3}  in.  and 
over,  and  lattice  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

73.  Paced  Joints. — ^Abutting  joints  in  compression  members,  when  faced  for  bearing,  shall 
be  spliced  on  four  sides  sufficiently  to  hold  the  connecting  members  accurately  in  place.  All  other 
joints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

74.  Pin  Plate8.-j-Where  necessary,  pin-holes  shall  be  reinforced  by  plates,  some  of  which 
must  be  of  the  full  width  of  the  member,  so  the  allowed  pressure  on  the  pins  shall  not  be  exceeded, 
and  so  the  stresses  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.  These 
reinforcing  plates  must  contain  enough  rivets  to  transfer  their  proportion  of  the  bearing  pressure, 
and  at  least  one  plate  on  each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 
batten  plate.  % 

75.  Riveted  Tension  Members. — Riveted  tension  members  shall  have  an  effective  section 
through  the  pin-holes  25  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 
at  least  75  per  cent  of  the  net  section  through  the  pin-hole. 

76.  Fins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected  upon 
the  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  i  of  the  thickness  of 
any  eye-bar  attached  to  it.*  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided 
with  washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

77.  Filling  Rings. — Members  packed  on  pins  shall  be  held  against  lateral  movement. 

78.  Bolts. — Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.    A  washer  at  least  i  in.  thick  shall  be  used  under  the 

*  The  allowable  bearing  stress  «  i  allowable  tensile  stress. 
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nut.     Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.     Heads  and  nuts  shall 
be  hexagonal. 

79.  Indirect  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillers. — Rivets  canying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Expansion. — Provision  for  expansion  to  the  extent  of  i  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point  (§32). 

82.  Expansion  Bearings. — Spans  of  80  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end ;  and  those  of  less  length  shall  be  arranged  to  slide  on  smooth  surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  permit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  masonry  (§87). 

84.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  100  feet 
and  less,  and  shall  be  increased  i  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Pedestals  shall  be  made  of  riveted  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  legs.  No  baseplate  or  web 
connecting  angle  shall  be  less  in  thickness  than  i  in.  The  vertical  webs  ^all  be  of  sufficient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 
or  rollers. 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  trans- 
versely. 

87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  bolts  must  not  be  less  than  1}  in.  diameter;  for  plate  and  other  girders, 
not  less  than  {  in.  diameter. 

88.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up^  and  shall  be  so  designed  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

89.  Anchorage. — Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift  (§11). 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

91.  Camber. — Truss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  chord 
in  the  proportion  of  ^  in.  in  10  ft. 

92.  Eye-bars. — ^The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.    MATERIALS  AND  WORKMANSHIP. 

Material. 

93.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process  and  shall 
comply  with  the  standard  specifications  of  the  Am.  Ry.  Eng.  Assoc. 

(Sections  94  to  117  inclusive  cover  the  Am.  Ry.  Eng.  Assoc.  Specifications  for  steel,  see 
specifications  for  railroad  bridges.  Chapter  IV.) 

118.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind 
shakes,  large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength 
or  durability. 

Workmanship. 

119.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modern  bridge 
works. 

120.  Straightening  Material. — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  ^at  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

121.  jUnish. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  View  neatly  finished. 

122.  Swfi  o^  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  sizfc  of  the  cold  rivet  before  heating. 
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123.  Riyet  Holes. — When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
not  be  more  than  A  in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more  than 
}  in.  greater  than  the  diameter  of  the  punch.  Material  more  than  i  in.  thick  shall  be  sub-punched 
and  reamed  or  drilled  from  the  solid. 

124.  Panching. — All  punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes 
will  not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed. 
Poor  matching  of  holes  will  be  cause  for  rejection. 

125.  Sttb-pnnching  and  Reaming. — ^W^ere  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A  in.  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  ^  in.  larger  than  the  nominal  diameter  of  the  rivet.  All 
reaming  shall  be  done  with  twist  drills.     (§140.) 

126.  Reaming  After  Assembling. — When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
80  marked  that  tney  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

127.  Edge  Planing. — ^Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  i  in. 

128.  Burrs. — ^The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

130.  Lattice  Bars. — ^Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

131.  Web  Stiffeners. — ^Stiffeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

132.  Si»lice  Plates  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i  in.  of  flange  angles. 

133.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  i  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  i  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  domiection  Angles. — Connection  angles  for  floorbeams  and  stringers  shall  be  flush 
with  each  other  and  correct  as  to  position  and  length  of  girder.  In  case  milling  (of  all  such  angles) 
is  needed  or  is  required  after  riveting,  the  removal  of  more  than  ^  in.  from  their  thickness  will  be 
canse  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Riveting. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping 
and  calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Tamed  Bolts. — Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  }  in. 
thick  shall  be  used  under  nut. 

138.  Members  to  be  Straight. — ^The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

139.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
dose  together,  especially  where  open  to  view.  In  compression  points,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

140.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  125,  to  a  steel  templet  one  inch  thick.  (If  required,  all 
other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being 
taken  apart.) 

141.  Eye-bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 
in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at  the 
works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
neck  shall  not  vary  more  than  -f^  in.  from  that  specified.  . 

142.  Boring  Eye-bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straightened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars 
of  the  same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

11 
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143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Variation  in  Pin-Holes. — ^The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  A  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  larger  than  that  of  the  pin,  for 
pins  up  to  5-in.  diameter,  and  ^  in.  for  larger  pins. 

145.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  i}  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

147.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — ^All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  be  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  planmg  tool  shall  correspond  with  the  direction 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  FiniSbed  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

157.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  paintinfi:  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

150.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Machine-finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  Facilities  for  Shop  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — ^The  purchaser  shall  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Copies  of  Mill  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Facilities  for  Mill  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  alltimes,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu^ 
factured. 
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167.  Accepting  ICftterial  or  Work. — ^The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inspector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
iB  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  the  purchaser. 

168.  Shop  Plans. — ^The  purchaser  shall  be  furnished  complete  shop  plans  (§13). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

17a  Test  to  Prove  Workmanship. — Full-sized  tests  on  eye-bars  and  similar  members,  to 
prove  the  workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by 
the  purchaser  at  contract  price,  i^  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the 
members  represented  by  them  will  be  rejected. 

171.  Sye-bar  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  the  elongation  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  lunit  shall  be  recorded  (§141). 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel 
work  to  the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with 
neat  Portland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  sLod  removed  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  traffic,  interfere  with 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

.      PAINTING  AFTER  ERECTION. 

179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
or  other  material,  then  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  hnseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
water  can  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  dnr  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  of  the  best  quality  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
work  in  the  manufacturer's  original  packages  and  is  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
whatsoever;  in  cold  weather  the  paint  may  be  thinned  by  heating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permission  of 
the  inspector,  and  in  such  Quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  tne  contractor,  and  no  painting  shall  be  done  until  the  inspector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  freezing,  rainy,  or  misty  weather,  and  all  surfaces  to  which 'paint  is  to  be  applied  shall  be  dry, 
clean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  required 
by  the  inspector. 

REFERENCES. — ^For  the  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
detaib  of  bridges,  for  the  design  of  bridge  details,  and  for  additional  examples  of  highway 
bridges,  see  the  author's  "  The  E)e8ign  of  Highway  Bridges." 


CHAPTER  IV. 
Steel  Railway  Bridges. 


TYPES  OF  STEEL  BRIDGES. — The  same  types  of  trusses  are  used  for  railway  as  for  high- 
way bridges,  Fig.  4,  Chapter  III.  Beam  bridges  are  used  for  short  spans,  and  plate  girders  up  to 
spans  of  about  125  ft.  Riveted  truss  spans  are  used  for  spans  of  100  ft.  and  upwards.  Pin-con- 
nected truss  spans  are  still  used  for  long  span  bridges  and  by  a  few  railroads  for  spans  of  150  ft. 
and  upwards.  Many  railroads  are  building  riveted  trusses  for  spans  of  more  than  200  ft.,  and 
riveted  truss  spans  of  300  ft.  are  not  uncommon.  The  new  terminal  bridge  over  the  Missouri 
River  at  Kansas  City,  Mo.,  has  riveted  trusses  with  a  span  of  425  ft.  6}  in.  The  Norfolk  &  West- 
em  R.  R.  has  constructed  a  double  track  bridge  over  the  Ohio  River  with  a  span  of  520  ft.,  which 
is  riveted  with  the  exception  of  four  bottom  chord  panel  points,  which  have  pin  joints.  The 
lei^hs  and  types  of  railway  bridges  as  used  by  different  railroads  are  given  in  Table  XII  in  the 
latter  part  of  this  chapter.  The  longest  simple  truss  span  is  668  ft.  and  is  in  the  Municipal  Bridge 
over  the  Mississippi  River  at  St.  Louis,  Mo.  The  maximum  practical  length  of  simple  span  truss 
bridges  made  of  carbon  steel  is  about  550  feet;  while  with  nickel  steel  it  is  practical  to  build  simple 
truss  q>ans  up  to  750  feet  and  economical  to  build  simple  truss  spans  up  to  700  feet.  •  The  pro- 
posed Metropolis  Bridge  over  the  Ohio  River  will  be  a  double  track  simple  truss  bridge  with  a 
span  of  720  feet. 
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Fig.  I.    Diagrammatic  Sketch  of  a  Railway  Truss  Bridge. 
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TABLE  I. 

Data  on  Railroad  Bridges  Designed  Under  Coicmon  Standard  (Harriman  Lines) 

Specifications  C.  S.  ioo6. 


Single  Track  Bridges. 

Double  Track  Bridges.                           1 
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A  diagramatic  sketch  of  a  truM  railway  bridge  is  shown  in 
meinbers  are  shown  on  the  diasram.  The  door  may  be  came 
Etringers  are  commanly  used  (or  an  open  timber  floor  and  two  oi 

A  railway  steel  trestle  is  shown  in  Fig.  3.     Steel  trestles  i 


•\%.  I.  The  names  of  the  different 
1  on  two  or  more  stiingers.  Two 
four  stringers  for  a  ballasted  floor. 
imonly  built  with  the  ii 


mediate  spans  equal  to  twice  the  tower  spans;  60  feet  and  30  feet,  and  So  feet  and  40  feet  being 
common  lengths  of  span. 

Swing,  movable,  cantilever  and  suspension  bridges  will  not  be  con^ered  in  this  chapter. 
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Fig.  4.    Wbight  of  Single  Track  Rivsted 
Dbce  Truss  Spans.    Chicago,  Mil- 
waukee &  St.  Paul  Ry. 


Fig.  3.    Weight  of  Single  Trace   Deck 

Plats  Girder  Spans,  Concsbtb  Ballast 

Floor.    Chicago,  Milwaukee  &  St. 

Paul  Ry. 

WEIGHTS  OF  RAItVAT  BRIDGES.— The  weights  of  railway  bridg&  vary  with  the 
loadii^,  the  Bpecifications,  the  epan,  the  width,  the  type  of  floor,  and  with  the  design.  The  weights 
of  the  totaJ  structural  steel  in  ungte  track  bridges  of  different  types  as  designed  and  built  by  the 
Chicago,  Mflwaukee  &  St.  Paul  Ry.  are  given  in  Fig.  3  to  Fig.  10,  inclusive. 

Weights  of  single  track  plate  girder  spans  as  designed  and  built  by  the  Illinois  Central  I^il- 
road  are  given  in  Fig.  11,  Fig.  13  and  Fig.  13;  weights  of  single  track  through  bridges  are  given  in 
Fig.  14,  weights  of  signal  bridges  are  given  in  Fig.  15,  and  weights  of  single  track  draw  spans  are 
given  in  Fig.  i&.  Weights  and  other  data  for  railway  bridges  designed  by  the  Harriman  Lines, 
nnder  ''Common  Standard  Specification  1006"  (approximately  equal  to  Cooper's  £  55),  are  given 
in  Table  I. 

We^htB  of  single  track  steel  viaducts  as  derigned  by  the  McClintic-Marshall  Construction 
Co.  are  given  in  Fig.  17. 
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For  the  relative  weights  of  railway  bridges  built  of  carbon  and  of  nickel  Bteel,  see  paper 
entitled  "  Nickel  Steel  for  Bridge^"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Sot  C.  E..  printed  in  Trana. 
Am.  Soc  C.  E.,  Vol.  63,  1909. 
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Fig.  5.    Weight  of  Singlb  Track  Through  Fig.  6.    Weight  of  Through  Plate  Girder 

Plate  Girder  Spans.    Type  C4  (Flanges  Spans.    Type  C3  (Flanges  of  3  Ancles 

OF  3  Angles  and  Cover  Plates,  Two  and  Cover  Plates,  Shallow  Floor, 

Stringers).    Chicago,  Milwaukbb  4  Stringers}.    Chicago.  Mil- 

a  St.  Paul  Ry.  waukee  &  St.  Paul  Rt, 

LOADS. — The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  same  as  in  a 
highway  bridge.  The  dead  joint  loads  are  commonly  assumed  to  act  on  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-thirds 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the 
loaded  chords,  respectively,  see  discussion  of  spec iticat ions  in  the  last  part  of  this  chapter. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the  weights  and  spacing  of  the 
wheels  depending  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so 
much  that  it  would  be  difficult  if  not  impossible  to  deugn  the  bridges  on  any  railway  system  for 
the  actual  conditions,  and  conventional  systems  of  loading,  which  approximate  the  actual  con- 
ditions, are  assumed.  The  conventional  systems  for  calculating  the  live  load  stresses  in  railway 
bridges  that  have  been  most  favorably  received  are;  (i)  Cooper's  Conventional  System  of  Wheel 
Concentrations;  (a)  the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load 
and  one  or  two  wheel  concentrations.  In  addition  to  these  some  railroads  specify  special  engine 
loadings.    The  three  methods  will  be  briefly  described. 


COOPER'S  LOADINGS. 
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Cooper's  Conventloiul  Srstem  of  Wlieel  ConcentratioBB. — In  Cooper's  loadings  two  con- 
loiidaCion  locomotives  are  followed  by  a  uniformly  distributed  train  load.  The  typical  loading 
lor  Cooper's  Class  E  40,  E  45,  E  50,  E  55  and  E  60,  are  shown  in  Fig.  18.  The  loads  on  the 
drivers  in  thousands  of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as 
the  class  number.  The  wheel  spacings  are  the  same  for  all  classes.  The  stresses  for  Cooper's 
kndings  calculated  for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading. 
For  example,  the  live  load  stresses  in  any  truss  due  to  Cooper's  Class  £  60  are  equal  to  |  of  the 
■tresses  in  the  same  truss  due  to  Class  E  40  loading.  The  E  50,  E  55  and  E  &o  loadings  are  those 
most  used  for  steam  railways  in  the  United  States.  In  bridges  designed  for  Class  E40  loading 
and  under  the  floor  system  must  in  addition  be  designed  for  two  moving  loads  of  100.000  lb.  each, 
•paced  6  ft.  apart  on  each  track.     The  special  loads  for  Class  E  50  are  120,000  lb.  with  the  same 
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Fig.  8.    Weight  of   Single   Tback    Deck 

Plate  Girder  Spans,    Timber  Ballast 

Floor.    Type  A4  (Flanges  of  6  Angles 

WITHOUT  Cover  Plates).     Chicago, 

a  St.  Paul  Rt. 
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Fic  7.    Weight  of  Single  Track   Deck 
Plate  Girder  Spans.    Open  Tiuber  Floor. 
Type  A4  (Flanges  of  6  Angles  with- 
out Cover  Plates).    Cbicago,  Mil- 
waukee &  St.  Paul  Rt. 

placing.  The  American  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except 
that  the  special  loads  are  spaced  7  ft.  The  live  loads  used  by  several  prominent  railroads  are 
given  in  Table  XVI.  The  heaviest  locomotives  in  use  on  American  railroads  as  given  in  Bulletin 
^^o.  161,  November  1913,  of  the  Am.  Ry.  Eng.Assoc.,  by  Mr.  J.  E.  Creiner,  Consultir^  Engineer, 
lie  given  in  Table  II.  The  maximum  stresses  in  terms  of  the  maximum  stresses  for  E  50  loading 
lor  spans  between  100  ft.  and  10  ft.  are  given  in  the  last  two  columns.  The  ratios  for  spans 
greater  than  loo  ft.  are  less  than  for  those  given.  The  larger  ratio  is  for  short  spans  so  that  by 
incceasiQg  the  special  concentrated  loads  a  bridge  designed  ftH*  an  E  50  loading  will  safely  carry 
[t  engines  now  in  use. 
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Fig,  9.    Weight  of  Single  Tback  Through 

Riveted  Truss  Spans.    Chicago, 

Milwaukee  &  St,  Paul  Ry. 
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Fig.  10.    Weight  OF  Single  Trace  Tbrougb 
Pin  Connected  Truss  Spans.    Chi- 
cago, Milwaukee  &  St.  Paul  Ry. 


Heaviest  Locomotives  and  Relative  Stresses  Produced  for  Spans 

OF  10  IT 

TO  K 

»  FT. 

CUm. 

EiKJne  Akme. 

Double  Header.* 

-s-l 

1.000  Lb. 

B™,  Ft. 

Wdi^t. 

rsti" 

b2"A. 

per^^fib 

To 

714.8 

i6i.o 
267.0 
270.0 

JOJ.O 

3345 
361.0 
478.0 

300.4 
320.0 

13-00 
30.79 
34.15 
26.50 
17.08 
19-83 
3S10 

"■?? 
30,66 

43-SO 
59-80 
40.17 
65.91 
3850 
44-21 

^% 

1.09 
1.16 
1. 17 
1.19 

1.19 

1-74 
1-33 
1.4:2 

710.0 
718.4 
807-s 
860.4 
817^. 
802-0 
865.4 

473.8 
1,074.0 
703.6 

SS 

6i).8 

640.0 

104.0 

127.76 
132.92 
131.81 
130.15 
127-00 
141-48 

'64:?? 
161.00 

99.70 

105.82 

86.50 
101.84 

6,830 

6!o7o 
6,520 
6,180 
6,3K> 

6,070 
6,400 

6^670 
7,060 
7,130 
7,950 
6,950 

ii 

0-99 

0:96 

0.93 

'IS 
1-OJ 
1.14 
1.14 

IS 

u  Wheel 

12  Wheel  ArticuUledt, 

\t  ::il 

ao  Wheel  ArticuliCedt . 
16  Wheel  Articulated!  . 
It  Wheel  ArticuUtedf, 
uWheel  Electric  Motor 
16  Wheel  Electric  Motor 

i!i6 

1-15 

o:li 

1. 14 

'34 

o.„ 

*  Weight  and  wheel  ba«e  for  articulated  englnei  ii 
t  Given  for  comparisbn. 
%  Mallet  Type. 


I  given  for  one  engine  and  tender. 


WEIGHTS  OF  PLATE  GIRDERS. 


155 


h«.  —^—♦1 


Lonffron-, 


iti:. 


Shar/n  thousand's  o^fioun^  per  rait- 
Loadn^" B^/SSTS  ton  engines  Momd fy 
6, 000&$per  fbat  mi/orm  /M- 


5pafr 


Total 
EndShiot 


50'0' 

40'a' 

sec 
BS'tr 

6S'C 
WO' 
TS'O' 


96-0 

//^ 
139^ 


2'ir 

2'Zi' 
2'2i' 


B 


2'/r 
2'/r 

2'H' 
?'2i' 
2'H' 
2'H' 

5'IOi' 


IS'O' 
I6'0' 

ire' 

17V 
17'$' 

/7'e' 
/rs' 

/7V 
/7V 


Jf9»^arSA 


40000lbS' 

43000  » 

£8000' 

66000' 

77000' 

66000" 

96000  ' 

III  000  » 

120000  0 

05000  " 


Span 


Total 


60*0' 
6B'0' 
90'0' 
SS'O' 

loao" 

IIO'O' 


2m 

2200 
ZSSO 
24&0 
2600 
2600 


r2V 
r5V 

2'H' 
2'H' 

ny 

2'4i' 


Span 


ilTO' to  SO'O' 
SS'0'to60'0' 
6S'0''t9  IIO'O' 


3 


5'IOi' 

i'loY 
I'loi 
i'.ioji 

b'lOi' 

yioi' 


Wti^tfont  HMitttofK 


UptdMr 


uSatydifrdr 


0*22W 
0'27!r 

o^iirr 


I7'6' 
I7'6' 

ir6' 
ir6' 

I7'6' 

ire' 


Iffffhto^^pan 


149000  &S' 
165000  ' 
160000  ' 
200000  ' 
222000  ' 
250000  ' 


059)r 
046111 
0'B7IY 


rrei^to7 
OM  Floor 


oseir 

04777 
0*5617 


I-beams,  Id'' m  6S  lbs- 
£l^£CTOR*S  HOTE.^ 

17'  Total  iwf^lft  oTono  single  track  span  teith 
tm  fight  ^rders' 

omonTimi&i  PLATE  oij^ofp  smus 

I-BEAM  FLOODS 


Fig.  II.    Weights  of  Through  Plate  Girder  Spans. 
Illinois  Central  Railroad. 


lomlron^ 

r'^- — 


X  ^  ^  y^^BJopcEMasonry 


T  t 

Shear  m  thousands  e7 pounds  per  rail- 
l§odSng"B-ISd'7S  ton  eng/nes,  Tollotred 
by  6000  lbs-  per /hot  unrfbmf  load 


Span 


91/0' 
5B'0' 
40'0' 
4S'0' 
SO'O' 
SS'O' 

eo'o' 
es'O' 

lO'O' 
TS'O^ 


Total 


lOOS 
IIM 

in-B 

1524 

742-3 

155-4 

Mil 

174-9 

137-4 

20h9 


h'2Y 

5'5V 
h'H' 

yH' 

3V*' 
5'4i' 

5'4i' 

y4V 

5'4V 


B 


5'5i' 

ybi' 

5'5i' 
5'H' 

y5i' 
yioi' 
y/oi' 
yK)i 
yioi 

4'//f 


iS'6' 

lev 

I7'6' 

ire' 
i7'e' 
m' 

I7'6' 

ire' 
ire' 

I7'6' 


T^ghtcTSpm 


4B  000  lbs 

56000 

64400 

71000 

8J200 

95900 
105600 
lie  000 
126000 
145700 


Span 


Total 
MShegr 


eo'O' 
es'O' 

SO'O' 
95'0' 
lOO'O" 
IIO'O' 


2/5-4 
2731 
2406 
2547 
2672 
29Se 


Span 


iO'O'toSO'O' 
S5'0't$60'0' 
65'OtoIfO'O' 


y4i' 

5'4i' 
y4i' 

yei' 
y5V 


B 


4'iir 

4'lli' 
4'llV 

4'iiy 

4'IIi' 

rifi' 


Weightdene. 
Ltght&nTer 


0'24fr 
0-2577 
0-2617 


nr 
ire' 
ire' 
i7'e' 
ire' 
ire' 


fUeiglitcESpsf* 


154200  lbs 
176000  ' 
169600  ' 
210000  » 
7^600  ' 
265000  ' 


Tleigbtttone 
HeavyOinder 


0-4217 
0-4617 
0-5117 


l¥etghtcf 
offeEhor 


0-5417 
0^5017 
0-4371 


ERECTOR'S  NOTE:- 

17^  Total  fmghtoE  one  S0fgfe  track  span  sefth 
cwo  itgnc  gfrxferS" 

OdOAON 

THR0U6H  PLATE  OIROER  SmNS 

STRf/fOEP  FLOOR 


Fia  13.    Weights  op  Through  Plate  Girder  Spans. 
Ilunois  Central  Railroad. 


l^ 


STEEL  RAILWAY  BRIDGES. 


STEEL  RAILWAY  BRIDGES. 


WEIGHT  ors/^eu  rma^  ^.p.  mmcr  toweps. 

Cetpers  ESOLoadioy  AP.£.ScHh/.5pec':!-/906. 

30'S30'5pan3 


25""    "      35^  45*  55"  ^5*  75"  65' 

Height ,  of .  TowersCfnsnn  cap  bo  base) 


Height  oF  'Ibwer5(froni  cap  to  base) 


Height  of  IbwersCfromcaptoboseJ 
Fig.  17.    Weight  op  Steel  Viaducts.     McClh*tic- Marshall  Construction  Ca 


COOPER'S  CONVENTIONAL  ENGINE  LOADINGS.  1 


E-4S 


ptr  Hit-  /?- 


e-so 

E-SS 


ii{t».t^^    jQ    S;^S;S;     lijt^^it^ 


I    nil     ^1^^    I    III!     g^^^ 
ts    B^ati^tit    a^  ^it  a^  ^    i:^    tf^  t^  a?  t^    t^  jii  at  j^ 


SSOOIb- 
ptrUit-ff' 


%     SaSS      3l3i5i3j 


sat  St : 


Fig.  18.    Cooper's  Conventional  Engine  Loadings. 
(Loads  for  one  track.) 

Eqninlent  Uilifonii  Lewd  System. — The  equivalent  uniform  load  for  calculating  the  stresses 
m  trusses  and  the  bending  monients  in  beams,  is  the  unirorm  load  that  will  produce  the  same 
bending  moment  at  the  quarter  points  o(  the  truss  or  beam  as  the  maximuni  bending  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  loadings  for  different  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  19.  The  equivalent  uniform  loading  for  E  60  loading 
will  be  t  the  values  for  E  40  in  Fig.  19.     In  calculating  the  stresses  in  the  truss  members  select 
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Fio.  19.    Equivalent  UNtFoui  Live  Load  for  Cooper's  E40  Loading. 
■   (Loads  tor  one  track.) 

the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  stresses  by  the  use  of 
equal  joint  loads,  as  for  highway  bridges.  In  designing  the  stringers  tor  bending  moment  take  a 
loading  for  a  span  equal  to  one  panel  length,  and  for  the  n 


floorbeam  reaction  take  a 
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loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the  maximum  end 
shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use  equivalent  uni- 
form loads  calculated  for  wheel  concentrations.  The  calculated  values  of  the  moment,  if, 
shear,  5,  and  floorbeam  reaction,  R^  for  Class  E  60  are  given  in  Table  III.  The  equivalent 
uniform  load  method  has  been  advocated  very  strongly  by  Mr.  J.  A.  L.  Waddell  who  has  de- 
scribed its  use  in  detail  in  his  "  De  Pontibus."  Live  load  stresses  as  calculated  by  the  method 
of  equivalent  uniform  loads  are  too  small  for  the  chords  and  webs  between  the  ends  of  the  truss 
and  the  quarter  points,  and  are  too  large  between  the  quarter  points.  The  stresses  obtained 
for  the  counters  are  too  large.  The  live  load  stresses  calculated  by  the  method  of  equivalent 
uniform  loads  are  sufficiently  accurate  for  all  practical  purposes.  Even  though  the  equivalent 
uniform  load  method  is  simple  to  apply  and  gives  results  which  are  sufficiently  accurate,  it  is  now 
seldom  used. 

Uniform  Load  and  One  or  Two  Excess  Loads. — ^A  uniform  load  is  used  and  to  provide  for 
the  wheel  concentrations  one  or  two  excess  loads  are  assumed  to  run  on  top  of  the  uniform  load. 
This  method  is  now  rarely  used.  In  a  paper  entitled  **  Rolling  Loads  on  Bridges,"  published  in 
Bulletin  No.  161,  Am.  Ry.  Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
found  that  thirty-eight  of  the  thirty-nine  most  important  railroads  in  the  country  used  a  system 
of  wheel  concentrations,  and  one  road  used  a  uniform  load  with  a  single  excess  load;  the  method 
of  equivalent  uniform  loads  was  not  used. 

MAXIMUM  STRESSES. — ^The  conditions  of  live  loading  for  maximum  stresses  in  beams 
and  trusses  are  as  follows. 

Uniform  Live  Load  on  Beam  or  Girder. — For  bending  moment  the  span  should  be  fuUy 
loaded.    For  shear  the  longer  segment  of  the  span  should  be  loaded. 

Equal  Joint  Loads. — For  bending  moment  (chord  stresses)  the  bridge  should  be  fully  loaded. 
For  shear  (web  stresses  in  trusses  with  parallel  chords)  the  longer  segment  of  the  truss  should  be 
loaded  for  maximum  stress,  and  the  shorter  segment  of  the  truss  should  be  loaded  for  maximum 
counter  stress  (minimum  stress). 

Point  of  Maximum  Bending  Moment  in  a  Beam. — The  maximum  bending  moment  in  a 
beam  loaded  with  moving  loads  will  come  under  a  heavy  load  when  this  load  is  as  far  from  one 
end  of  the  beam  as  the  center  of  gravity  of  all  the  moving  loads  then  on  the  beam  is  from  the  other 
end  of  the  beam. 

Wheel  Loads,  Bridge  with  Parallel  Chords. — ^The  maximum  bending  moment  at  any  joint 
in  the  loaded  chord  will  occur  when  the  average  load  on  the  left  of  the  section  is  equal  to  the 
average  load  on  the  entire  span. 

The  maximum  bending  moment  at  any  joint  in  the  unloaded  chord  of  a  symmetrical  Warren 
truss  will  occur  when  the  average  load  on  the  entire  span  is  equal  to  the  average  load  on  the  left 
of  the  section,  one-half  of  the  load  on  the  panel  under  the  joint  being  considered  as  part  of  the 
load  on  the  left  of  the  section. 

The  maximum  shear  in  any  panel  of  a  truss  will  occur  when  the  average  load  on  the  panel  is 
equal  to  the  average  load  on  the  entire  bridge. 

Wheel  Loads,  Bridge  with  Lidined  Chords. — ^The  criterion  for  maximum  bending  moment 
in  a  bridge  with  vertical  ix)sts  is  the  same  as  for  bridges  with  parallel  chords. 

For  web  members  the  criterion  is  that 

PIL  -  P,(/  -f  ale)ll  (I) 

where  P  =  total  load  on  the  bridge; 

P]  at  load  on  the  panel  in  question; 
L  =  span  of  bridge; 
/  «  panel  length; 

a  ™  distance  from  left  abutment  to  left  end  of  panel  in  question; 

e  «=»  distance  from  left  abutment  to  intersection  of  top  chord  section  of  the  panel  produced 
and  the  lower  chord.     (The  intersection  is  to  the  left  and  outside  of  the  span.) 
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KINDS  OF  STRESS. — Bridges  must  be  designed  for  the  stresses  due  to  (i)  dead  load; 
(2)  live  or  moving  load;  (3)  wind  load;  (4)  snow  load;  (5)  impact  stresses;  (6)  temperature  stresses; 
(7)  centrifugal  stresses,  and  (8)  secondary  stresses  not  taken  into  account  in  the  calculations* 
In  addition  to  the  above  it  is  necessary  in  determining  the  allowable  stress  in  any  member  to  take 
into  account  imperfections  in  materials  and  workmanship,  possible  increase  in  live  loads,  fatigue 
of  metals,  the  frequency  of  the  application  of  the  stress,  corrosion  and  deterioration  of  materials, 
etc.  The  structure  should  be  so  designed  that  no  part  will  be  ever  stressed  beyond  the  elastic 
limit  The  allowable  stresses  for  dead  load  are  usually  taken  at  about  60  to  70  per  cent  of  the 
elastic  limit;  for  an  elastic  limit  of  30,000  lb.,  the  allowable  working  stresses  for  dead  loads  alone 
would  then  vary  from  18,000  to  21,000  lb.  per  sq.  in. 

IMPACT  STRESSES. — As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
whereby  the  actual  stresses  are  increased  over  those  due  to  the  static  load  alone.  It  is  shown 
in  mechanics  of  materials  that  a  load  suddenly  applied  to  a  bar  or  beam  will  produce  stresses 
twice  the  stresses  produced  by  the  same  load  gradually  applied.  A  bridge  is  a  complex  structure 
and  it  is  not  possible  to  determine  the  exact  effect  of  the  moving  loads.  It  has  been  found  by 
experiment  that  the  ultimate  strength  for  repeated  loads  is  much  less  than  for  dead  loads.  In  a 
bridge  it  will  be  seen  that  the  dead  load  is  a  fixed  load  and  that  the  live  load  is  a  varying  load. 

For  stresses  of  one  kind  Professor  Launhardt  has  proposed  the  following  formula: 


( 


,   Min.  stress  \ 
Max.  stress  /  ^^^ 


where  P  is  the  allowable  working  stress  required,  and  S  is  the  allowable  working  stress  for  live 
loads,  varying  from  zero  to  the  maximum  stress.  For  stresses  of  opposite  kinds  Professor  Wey- 
rauch  has  proposed  the  following  formula: 

Min.  stress   \ 
2  Max.  stress  /  ^^^ 


(- 


where  P  and  S  are  the  same  as  for  the  Launhardt  formula,  the  maximum  and  minimum  stresses 
being  taken  without  sign.  For  columns  and  struts  the  allowable  stresses  as  given  by  formulas 
(2)  and  (3)  are  to  be  reduced  by  a  suitable  column  formula. 

There  are  three  methods  in  common  use  for  taking  account  of  impact  and  fatitnie:  (i)  Impact 
formulas;   (2)  Launhardt- Weyrauch  formulas,  and  (3)  Cooper's  Method.  \ 

(i)  Impact  Formulas. — ^The  formula  in  most  common  use  is  given  in  the  form 


^"•^(rr^)  (4) 


where  /  »  impact  stress  to  be  added  to  the  static  live  load  stress,  S  »  the  static  live  load  stress, 
L  »  the  length  in  feet  of  the  portion  of  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  b  are  constants  expressed  in  feet.  The  American  Railway  Engineering 
Association  specifies  for  railway  bridges,  a  =  b  =  300  ft.  Mr.  J.  A.  L.  Waddell  specifies  a  =  400 
ft.,  and  b  =  500  ft.  for  railway  bridges;  and  a  —  100  ft.,  and  b  —  150  ft.  for  highway  bridges. 
For  the  names  of  several  roads  using  A.  R.  E.  A.  impact  formula,  see  Table  XVI. 

For  highway  bridges  the  American  Bridge  Company  specifies  that  the  maximum  live  load 
stress  shall  be  increased  25  per  cent  to  cover  impact  and  vibration. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  £.,  specifies  that  for  electric  railway  bridges 

/  =  5  .  I50/(L  +  300)  (5) 

In  the  Osbom  Engineering  Company's  1901  specifications  for  railway  and  for  highway 
bridges  the  impact  is  calculated  by  the  formula 

7  =  5.  S/iS  +  D)  (6) 
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5  is  the  static  live  load  stress  and  D  is  the  dead  load  stress.    This  method  is  used  by  the 
Central  R.  R. 

(2)  Launhardt-Weyrauch  Formulas. — Formula  (2)  is  used  for  determining  the  allowable 
for  stresses  of  one  kind  and  formula  (3)  is  used  for  determining  the  allowable  stress  for 

of  different  kinds.    This  method  is  used  in  Thatcher's  Specifications,  in  Common  Standard 
tions  (Harriman  Lines),  and  specifications  of  Pennsylvania  Lines  West  of  Pittsburgh. 

(3)  Cooper's  Method. — Cooper  uses  formula  (2)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (2)  we  have  P  «  25, 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  ~  5. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 
0tre88  he  adds  eight-tenths  of  the  lesser  of  the  two  stresses. 

IMPACT  TESTS. — ^The  American  Railway  Engineering  Association  has  made  an  exhaustive 
series  of  tests  to  determine  the  effect  of  impact  on  railway  bridges.  The  following  summary  is 
taken  from  the  Proceedings  of  Am.  Ry.  Eng.  Assoc,  Vol.  12,  Part  3. 

(1)  With  track  in  good  condition  the  chief  cause  of  impact  was  found  to  be  the  unbalanced 
drivers  of  the  locomotive.  Such  inequalities  of  track  as  existed  on  the  structures  tested  were  of 
little  influence  on  impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding  60  to  75 
ft.  in  length. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corresponds  to  the  rate  of  vibration 
of  the  loaded  structure,  cumulative  vibration  is  caused,  which  is  the  principal  factor  in  pro- 
ducing impact  in  long  spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration  is 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed,  as  well  as  a  speed  below  the 
critical  speed,  will  cause  vibrations  of  less  amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed  and  therefore  the  maximum 
impact  on  long  spans  will  occur  at  slower  speeds  than  on  short  spans. 

(4)  For  short  spans,  such  that  the  critical  speed  is  not  reached  by  the  moving  train,  the 
impact  percentage  tends  to  be  constant  so  far  as  the  effect  of  counterbalance  is  concerned,  but 
the  effect  of  rough  track  and  wheels  becomes  of  greater  importance  for  such  spans. 

(5)  The  impact  as  determined  by  extensometer  measurements  on  flanges  and  chord  members 
of  trusses  is  somewhat  greater  than  the  percentages  determined  from  measurements  of  deflection, 
but  both  values  follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  (excepting  hip  verticals)  occurs  under  the  same 
conditions  which  cause  maximum  impact  on  chord  members,  and  the  percentages  of  impact  for 
the  two  classes  of  members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder  spans  of  the  same  length 
and  the  imp>act  on  floorbeams  and  hip  verticals  is  about  the  same  as  on  plate  girders  of  a  span 
equal  to  two  panels. 

(8)  The  maximum  impact  percentage  as  determined  by  these  tests  is  closely  given  by  the 
formula 

T  —  100 

^  '^  (7) 


I  H- 


20,000 


in  which  I  —  impact  percentage  and  /  =  span  length  in  feet. 

(9)  The  effect  of  differences  of  design  was  most  noticeable  with  respect  to  differences  in  the 
bridge  floors.  An  clastic  floor,  such  as  furnished  by  long  ties  supported  on  widely  spaced  stringers, 
or  a  ballasted  floor,  gave  smoother  curves  than  were  obtained  with  more  rigid  floors.  The  results 
clearly  indicated  a  cushioning  effect  with  respect  to  imp>act  due  to  open  joints,  rough  wheels  and 
similar  causes.  This  cushioning  eflect  was  noticed  on  stringers,  hip  verticals  and  short  span 
girders. 

(10)  The  effect  of  design  upon  impact  percentage  for  main  truss  members  was  not  sufficiently 
marked  to  enable  conclusions  to  be  drawn.  The  impact  percentage  here  considered  refers  to 
variations  in  the  axial  stresses  in  the  members,  and  does  not  relate  to  vibrations  of  members 
themselves. 

(11)  The  impact  due  to  the  rapid  application  of  a  load,  assuming  smooth  track  and  balanced 
loads,  is  found  to  be  from  both  theoretical  and  experimental  grounds,  of  no  practical  importance. 

(12)  The  impact  caused  by  balanced  compound  and  electric  locomotives  was  very  small  and 
the  vibrations  caused  under  the  loads  were  not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable  on  floorbeams,  but  not 
on  truss  members.  Large  impact  was,  however,  caused  in  several  cases  by  heavily  loaded  freight 
cars  moving  at  high  speeds. 
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TABLE  III. 

Maximum  Moments,  M;  End  Shears,  S;  and  Floorbeam  Reactions,  R;  Per  Rail,  for 

Girders. 

Cooper's  E6o  Loading  (A.  R.  E.  A.). 

Loading  Two  E  60  Engines  and,  Train  Load  of  6,000  Pounds  per  Foot  or  Special  Loading 
Two  75,000  Pound  Axle  Loads  7  Ft.  C.  to  C. 

Moments  in  Thousands  of  Foot-Pounds.  Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  flail.     Results  from  Special  Loading  marked*.     A.  R.  E.  A.  Impact  Formula. 


41 
4* 
43 
44 

'^ 

47 
48 
49 


Snan 

Maxffnnm 

L, 

Momenta 

Ft, 

M. 

5 

♦46.9 

6 

♦  56.2 

7 

♦  65.6 

8 

♦  7S-0 

9 

♦84.4 

10 

♦  93-7 

II 

♦103.0 

12 

120.0 

13 

142.5 
105.0 

14 

IS 

187.5 

16 

210.0 

17 

232-5 

18 

255.0 

19 

280.0 

20 

309.5 

21 

339.0 

22 

368.5 

*3 

398.2 

H 

427.8 

^5 

457.5 

26 

487.2 

27 

516.9 

28 

548.3 

29 

582.0 

30 

615.8 

31 

649.3 

32 

683.2 

33 

716.9 

34 

750.6 

35 

784.5 

36 

823.0 

37 

861.6 

38 

900.0 

39 

940.0 

40 

983.4 

1027.0 
1070.4 

III3.9. 

"574 
1201.1 
1244.4 
1287.9 

13314 
1378.3 


Moment 

Impact 

M'. 


♦  46.1 

*5S.i 

♦  64.2 

73.0 
82.0 


* 


* 
* 


90.7 
99-5 

136.6 
157.6 

178.6 

199.3 
220.0 

240.5 

263.2 

290.5 
316.8 

343.3 
369.8 
396.1 
422.3 

448.3 
474.2 
501.5 

530.7 

559.8 

588.5 

617.3 

645.8 

674.2 

702.5 

734.9 
767.0 

798.8 

831.8 

867.7 

903.5 
938.9 

974.2 
1009.4 

1044.4 
1078.9 

1113.4 
1 147.8 

1 184.8 


End 

Shear 

S. 


♦37.5 

•37.5 
38.6 

♦42.2 
*45.8 
♦48.8 
♦5 1. 1 
♦53.2 

55.4 
57.8 

60.0 
63.8 
67.1 
70.0 
72.6 

75.0 
77.1 

79.1 
80.9 

83.1 

85.2 
87.1 
88.9 
90.6 

92.3 

98.6 
00.4 
02.1 

03.8 
05.9 
07.8 
09.7 
1 1.4 

13.1 
15.2 
17.2 
19.0 
20.8 

22.5 
24.2 
25.9 

27.5 
29.2 


End 

Shear 

Impact 


♦36.9 
♦36.8 

37.7 
♦41.2 

♦445 
♦47.2 

♦49.3 
*5i.i 

53.1 
55.2 

57.2 
60.6 

63.5 
66.0 

68.3 

70.3 
72.1 

73.7 

76.9 

78.6 
80.2 
81.6 
82.9 
84.2 

86.0 

87.5 
89.1 

90.5 
91.7 
93.0 
94.6 
96.0 

97-4 
98.6 

99.8 
101.3 
102.8 
104. 1 

105.3 
106.5 
107.7 
108.8 
109.9 
III. I 


Floorbeam 

Reaction 

R. 


♦37.5 
40.0 

47.1 

52.5 
56.7 

60.0 

65.5 
70.0 

73.9 
78.2 

82.0 
85.3 
88.2 
91.0 

94.3 
98.3 
101.9 
105.2 
108.2 
1 10.9 

113.5 
1 16.6 
1 20. 1 

123.4 
126.5 

129.4 
132.7 

136.5 

140.0 

143.2 

146.4 

149.3 
152.2 

155.6 

158.8 

162.0 


Viaduct 
Span 

3o'-6o' 
179.2 


Floorbeam 
Impact 


♦36.3 
38.5 
45.0 
49.8 
53.5 
56.3 
61.0 
64.8 
68.0 

71.5 

74.5 
77.1 
79.2 
81.3 

83.7 
86.7 
89.4 

91.7 
93.8 

95.6 

97.3 

99-4 
101.8 

104.0 

106.0 

107.8 

IIO.O 

112.5 
1 14.8 
II  6.7 

118.7 
120.4 
122.1 
124.2 
126.0 

127.9 


Ft. 


50 

51 

52 
53 
54 

55 
56 
57 
58 
59 
60 
61 
62 

63 
64 

65 
66 

67 
68 

96 

70 

71 
72 

73 
74 

75 
76 

77 
78 
79 
80 
81 
82 

83 
84 

85 
86 

87 
88 

89 

90 

91 
92 

93 
94 


Maximum 

Momenta 

M. 


1426.3 

1474.7 
1522.8 

1571.0 

162I.5 

1675.2 
1728.0 
1781.9 

1834.5 
189I.4 

19494 
2007.5 

2064.3 

2123.4 

2183.3 

2246.3 
2309.3 

2378.3 

24354 
2498.4 

2561.3 
2624.5 
2688.0 
2750.9 
2818.5 

2888.6 
2958.0 
3028.6 
3096.6 
3168.2 

3240.7 

3311.4 
3385.1 
3459-6 
3534.6 
3610.4 
3689.4 
3766.5 
3846.0 

3924.3 
4005.8 
4084.4 
4164.0 
4246.6 
4328.0 


Moment 

Impact 

M'. 


1222.6 
1260.4 
1297.8 

13351 
1374.2 

1415.7 
1456.7 

1497.4 

1537.4 
1580.6 

1624.5 
1668.3 
I7IO.8 

1754.9 
1799.4 
1846.3 
1893.0 
1943.2 

1985.3 
2031.2 

2076.8 
21-22.2 
2168.0 
2212.5 
2260.7 

23  10.9 
2360.1 
2410.0 

2457.6 
2507.8 

2558.5 
2607.4 
2658.4 
2709.8 
2761.4 

2813.3 
2867.4 
2919.8 
2973.7 
3026.5 

3081.4 
3133.8 
3186.7 
3241.6 

32954 


End 

Shear 

S. 


30.8 
32.5 

341 
35.7 
374 

39.0 
40.6 
42.2 
43.8 

454 

47.0 
48.6 
50.2 
52.0 
53.8 

55.7 

57-5 
59.6 

61.7 

63.8 

65.8 
67.7 
70.0 
72.2 

74-4 

76.5 
78.6 

80.6 

82.5 

84.4 

86.3 

88.4 

90.4 

92.3 

94.2 

96.1 

98.1 

200.1 

202.1 

204.0 

205.8 
207.7 
209.7 
211.6 
213.5 


End 
Shear 
Impact 


I2.I 
13.2 

14.3 

15.3 
16.4 

17.5 
18.5 

19.5 
20.5 
21.5 

22.5 

23.5 
24.5 

25.6 

26.8 

28jO 
29.1 

30.5 
31.8 

33.2 

344 

35.6 

37.1 
38.5 

39.9 
41.2 

42.5 

43.7 
44.8 

46.0 

47.1 

48.4 

49-5 
50.6 

51-7 
52.8 
54.0 

56.3 

57.3 

58.3 

594 
60.5 

61.5 

62.6 
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TABLE  in— Continued. 
Maxihuu  Mouents,  M;  End  Shears,  S;  and  Floorbbau  Reactions,  R;  Per  Rail,  fob 

GtBDERS. 

Cooper's  E6o  Loading  (A.  R.  E^  A.). 

lonHnt      End      Shear  I  Floorbeam    Floorbfam    Span    Maximum     Moment      End       gMK^r 
Impact.  'Sbtar    impactl   Bou^'l-'o        Imjiact        L,        Momenta      Impact      Shear    impact 


gi 

4408.4 

^ 

4490-7 

OS 

4659.8 

99 

4743.8 

48J0.0 

4916.9 

5004.0 

101 

I04 

S2I2.8 

I07 

S499-1 

loK 

5617.0 

loy 

S7»7.6 

5819.6 
5937.4 

6i4g!i 

6258.0 
6366,8 
6478.0 
6586.1 
6696.6 
6808.3 
6911.6 
7030-5 
7143.8 
7160.1 
7376.4 
749S.i 


End 

s. 

'"sr 

Z43.0 

177-8 

^l 

178.7 

179-5 

250.0 

251.8 

182.0 

253.6 

181.9 

155-3 

183.6 

a57-o 

158.8 

185.1 

■86.1 

7filT 

186.9 

264.0 

187.7 

1M8.4 

267-4 

i»9.» 

269.1 

igox> 

a  Table  Vb,  and  brief 


CALCUXjVTION    of   stresses.— For  the  calculation  of  stresses  in  railway  bridEes,  see 

the  author's  "The  Design  of  Highway  Bridges;"  Johnson,  Bryan  &  Turneaure's  "Framed  Stnic- 
tures,"  Part  I;  Marburg's  "Framed  Structures,"  Part  I;  Spoffofd's  "Theory  of  Structures";  or 
Other  standard  textbook. 

Moments,  End  Shesra  and  Floorbeam  Reactions. — The  maximum  beading  moments  and 
end  shears,  for  Cooper's  E  60,  and  A.  R.  E.  A.  special  loadings,  for  girders  up  to  125  ft.  span  are 
«iven  in  Table  III.  The  maximum  moments  occur  at  a  point  near  the  center  of  the  girder. 
Maximum  floorbeam  reactions  are  given  tor  stringers  up  to  40  ft.  span.  The  table  also  gives 
the  impact  stress  calculated  for  A.  R.  E.  A.  impact  formula  (4). 

The  maximum  moments,  end  shears,  quarter-point  shears,  center  shears,  and  maximum 
ioorbeam  reactions  for  girders  up  to  75  ft.  span  are  given  in  Table  IV.  ,   ,-  ,     j.         . 

Moment  Diagram. — A  diagram  giving  the  position  of  the  wheels  in  Cooper  s  h.  loadmgs  that 
will  produce  maximum  moment  in  a  beam  or  at  a  panel  point  in  a  truK  is  given  in  Table  Va. 
The  condition  for  maximum  shear  in  the  first  panel  is  the  same  as  for  bendmg  moment  at  L,, 
which  value  may  be  obtained  from  Table  Va.  Other  loadmgs  for  maximum  shear  must  be  cal- 
culated by  means  of  the  criterion  given  above. 

A  moment  diagram  for  Cooper's  E  60  loading  is  give 
for  use  of  the  table  are  given  on  the  page  opposite  Table  V^.  -.i.  ,  ,    «    .     1. 

Shears  in  Bridges.— Shears  in  the  panels  of  the  loaded  chords  of  spans  with  3  *<»  9  panels, 
for  C^pe?s  E  50  bading.  are  given  in'Table  VI,  Table  VII,  and  Table  VIII.  fo  obtam  Uie 
shears  for  E  60  loading  multiply  the  tabular  values  by  f.  The  stresses  in  the  web  members  of  a 
Pratt  truss  are  equal  to  the  shears  X  sec  fl.  where  B  is  the  angle  that  each  web  member  makes  with 
a  vertical  line,  ^he  tables  were  calculated  by  the  McClintlc- Marsh  all  Construction  Company. 

Moments  in  Bridges.— Bending  Moments  in  beams  and  girders  and  at  points  in  the  loaded 
chord  of  bridges,  are  given  in  Table  iX  and  Table  X.  The  bending  moments  for  an  E  60  loadmg 
will  be  equal  to  the  tabular  values  X  ;.  --.r     ■         0  „„><.Ur.,«nf-jr«.ft 

For  example,  the  bending  moment  for  an  E  50  loading,  at  joint  ^i. '«  a"  8  panel  truss  of  20^ft 
span  from  Table  X,  is  6.787  thousand  ft.-lb.  For  an  E  60  loading  the  ►^^"^■"f,™'""*"  "' i*"^ 
L,  is  6,787  X  6/5  =  8,145  thousand  ft.-lb.,  which  checks  the  value  calculated  from  Table  Vb 
on  Jhe  ^ge  opiisite  TaKle  Vb.     The  tables  were  calculated  by  the  McChnfc- Marshal  I  Con- 

Btruction  Company.  .    ,  .--_-  „( 

Elevated  Trestle  Span  Reactions.— The  floorbeam  reactions  and  the  maximum  reactwns  crt 
the  intermediate  and  tower  spans  of  elevated  railway  trestles  may  be  calculated  from  lable  lA 

and  Table  Xi  as  follows;  .        _    ,     .  j.  .      _  t.i „ 

Required  the  end  reactions  for  a  40  ft-  tower  span  and  an  80  ft.  intermediate  span.  Jate  a 
span  equal  to  40  -(-  80  =  uo  ft.,  and  calculate  the  bendmg  moment  at  a  point  40  ft.  from^tbe 
left  end.     In  Table  IX.  take  a  6-partel  bridge  with  20  ft.  panels,  the  bending  moment  a 


t  L,is 
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Af  a  5,355  thousand  ft.-lb.    Then  the  reaction,  R  = 

«  197. 1   thousand  lb.     For   E60,   Ri  —RX6/$ 
checls  the  value  in  Table  III. 


^^  Jo  X^  "  ^  ^  ^'^  "  5.255  X  3/80 
=  197. 1  X  6/5  =  236.5  thousand  lb.,  which 


TABLE  IV. 

Maximum  End  Shears,  Quarter-Point  Shears,  Center  Shears;  Maximum  Moments,  and 

Floorbeam  Reactions  for  Girders. 

Cooper's  E60  Loading  (A.  R.  E.  A.). 

Moments  in  Thousands  of  Foot-Pounds.    Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.     Results  from  Special  Loading  marked*. 


Ft. 

ID 
II 

12 

13 
14 

15 
16 

17 
18 

19 


20 
21 
22 

23 
i4 

25 
26 

27 

28 

29 

30 

31 
32 
33 
34 

35 
36 

37 
38 
39 

40 
41 
42 
43 
44 


End 


•48.8 

♦51.I 

*53-2 

55.4 
57.8 

60.0 
63.8 
67.1 
70.0 
72.6 

75.0 

77.1 

791 
80.9 

83.1 

85.2 
87.1 
88.9 
90.6 
92.3 


94.6 
96.6 
98.6 
00.4 
02.1 

03.8 
05.9 
07.8 

09.7 
114 

13.1 

15.2 
17.2 
19.0 
20.8 


Quarter 

Point 

Shear. 


30.0 
♦32.4 

*34-4 
•36.0 

♦37.5 

*38.8 

*39-9 
41. 1 

42.6 

43.8 

45.0 
47.2 
49.2 
50.8 

52-5 

54.0 

55-4 
56.7 

579 
59.0 

60.0 
61.2 
62.4 
63.6 
64.7 

65.7 
66.7 
67.5 
68.3 
69.0 

70.2 

71.3 
72.3 
73-3 
74-3 


Center 
Shear. 


♦18.8 
♦18.8 
♦18.8 
♦18.8 
19.3 

♦20.0 
♦21. 1 
*22.I 
•22.9 
*23.7 

♦24.4 

*25.o 

♦25.6 
♦26.1 
♦26.6 

♦27.0 

♦27.4 
♦27.8 
♦28.1 

♦28.5 
♦28.8 

•29.1 

♦29.3 

♦29.6 

♦29.8 

30.3 
30.9 

3I.S 

32.0 

32.5 
33.0 

33-5 

33.9 

34-4 
34.8 


Maximum 
Moment. 


♦  93-7 
♦103.0 

120.0 

142.5 

165.0 

187.5 
210.0 
232.5 
255.0 
280.0 

309.5 
339.0 

368.5 

398.2 

427.8 

457.5 
487.2 

516.9 

548.3 
582.0 

615.8 
649.3 
683.2 
716.9 
750.6 

784.5 
823.0 

861.6 

900.0 

940.0 

983.4 
1027.0 
1070.4 
III3.9 
II57.4 


Floorbeam 
Reaction. 


60.0 
65.5 
70.0 

73-9 
78.2 

82.0 
85.3 
88.2 
91.0 

94-3 

98.3 
101.9 
105.2 
108.2 
1 10.9 

"35 
1 16.6 

1 20. 1 

123.4 

126.5 

129.4 
132.7 
136.5 
140.0 
143.2 


Span 

End 

L, 

Shear. 

Ft. 
45 

122.5 

46 

124.2 

47 

125.9 

48 

127.5 

49 

129.2 

50 

130.8 

51 

132.5 

52 

1 34. 1 

53 

135-7 

54 

137.4 

55 

139.0 

56 

140.6 

57 

142.2 

58 

143.8 

59 

H5-4 

60 

147.0 

61 

148.6 

62 

150.2 

63 

152.0 

64 

153.8 

65 

155.7 

66 

157.5 

67 

159.6 

68 

161.7 

69 

163.8 

70 

165.8 

71 

167.7 

72 

170.0 

73 

172.2 

74 

174.4 

75 

176.5 

Quarter 
Point 
Shear. 


75-3 
76.1 

77.1 
78.2 

79.2 

80.2 
81.2 
82.2 
83.1 
84.1 

85.2 
86.3 
87.3 
88.3 
89.3 

90.2 
91. 1 
92.0 
92.9 
93.8 

94-7 
95.6 

96.5 

97.4 
98.3 

99.2 
loo.i 

lOI.O 

IOI.9 
102.8 

103.6 


Center 
Shear. 


35.2 
35.6 
36.0 

36.3 
36.8 

37.2 

37.8 
38.3 

38.7 
39.2 

39.6 
40.0 
40.4 
40.8 

41.3 

41.8 
42.3 
42.8 
43.2 

43-7 

44.1 
44.6 
45.0 

45.4 
45.7 

46.2 
46.6 

47.1 

47.5 
48.0 

48.4 


Maximum 
Moment. 


I20I.I 
1244.4 
1287.9 
I33I.4 
1378.3 

1426.3 

1474.7 
1522.8 

I571.O 

162I.5 

1675.2 
1728.0 
I781.9 
1834.5 
189I.4 

1949.4 
2007.5 
2064.3 
2123.4 
2183.3 

2246.3 
2309.3 
2378.3 

2435.4 
2498.4 

2561.3 
2624.5 
2688.0 
2750.9 
2818.5 

2888.6 
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TABLE  VI. 
Maximum  Shears  in  Truss  Bridges  for  Cooper's  E50  Loading. 

Shears  for  Through  Spans 
CooPER^s  E '50- Loading 

Shears  in  ThoasBnds  oF  t^ounds  For 

One  Rail 


Hunbtt 

oF 
hfff/s 

in 
Bridfe 

fym/s 

* 

Length  oF Panel 

ifo' 

/Z'6' 

I3'0' 

/3'6' 

/4'0' 

I4'6' 

/S'O' 

/5'6'\ 

/e'C 

/6'6' 

/7'0' 

/7'6' 

/8V 

/8'6' 

i 

L,L, 

51-6 

330 

343 

359 

57-4 

387 

60O 

6/-3 

63-0 

64-3 

63-6 

66-9 

68-Z 

69£ 

4 

L,L, 

71-6 

73-6 

73-3 

77-6 

79-6 

8/-6 

83-6 

853 

873 

89-0 

9H 

9Z-6 

943 

96-4 

Uz 

3*4 

33-6 

36-7 

37-7 

386 

39-6 

40-6 

4/-7 

4Z-7 

43-9 

45-0 

46-7 

4?Z 

48-3 

ills 

7-9 

t-4 

g'9 

9'4 

9-8 

10-3 

10-7 

//•Z 

J/'7 

/Z-Z 

/Z-7 

I5-/ 

/3-3 

73-9 

5 

L,L, 

S9'Z 

9J-4 

9H 

964 

99-Z 

IOZ-3 

/03-4 

/08'6 

///•/ 

//5-/ 

//g3 

/Z/-5 

/Z4-6 

/Z7-3 

L,lr 

5i-g 

35-3 

37-1 

5g-7 

60-3 

6/-9 

634 

64-8 

66-Z 

67-7 

69-7 

70-g 

7U 

74-0 

LtU 

^5■9 

769 

Z7S 

Zg7 

Z93 

30-4 

3/-Z 

3Z-0 

3Z-8 

33-6 

34-3 

35-7 

35-8 

36-6 

6 

UL, 

106-7 

UO-S 

1143 

//g-7 

/Z3-/ 

/Z7/ 

/3/'0 

/349 

/38-8 

/4Z-7 

/46-5 

/50-Z 

/53-8 

137-3 

L.Lz 

/// 

74-Z 

7&'3 

7g-/ 

79-8 

8Z-Z 

84-6 

86-9 

90-/ 

93-0 

93-g 

983 

/0/-7 

703-6 

ItU 

45-4 

44-9 

463 

47-7 

49-/ 

30-4 

3/-7 

3Z9 

£40 

53-3 

563 

S76 

58-6 

59-7 

Lsl^ 

Zff-Z 

ZH 

Z/-9 

ZZ-6 

Z33 

Z4-/ 

Z4-8 

Z5-6 

Z63 

Z7-0 

Z76 

Zg3 

^g9 

Z9-6 

7 

UL, 

^7-3 

I3Z-0 

/36-3 

/4/-4 

/467 

150-9 

/55-3 

/60-/ 

/64-6 

/69-0 

/73-3 

7773 

187-6 

785-7 

L.Lt 

/V 

9Z-0 

930 

9g-g 

/0Z6 

/06-7 

/09-6 

1/3-0 

//6-4 

//9-7 

/Z3-/ 

/Z64 

/Z9-6 

/3Z-8 

UU 

39-6 

6Z-0 

64-3 

639 

674 

69-3 

7/-I 

73-/ 

73-0 

77-4 

79-7 

8Z-/ 

844 

86^ 

Ul^ 

361 

374 

3S-6 

39-g 

4/-0 

4Z-Z 

434 

44-4 

434 

465 

4?5 

485 

494 

50-4 

ids 

16-/ 

16-9 

177 

184 

/90 

797 

ZO-3 

Z/-0 

Z/-6 

ZZZ 

zz-g 

Z34 

74-0 

74-6 

8 

L,L, 

147-Z 

/3Z-3 

1574 

/6Z9 

/6H 

/73-6 

///■g 

/83-S 

/S87 

7936 

/9g-4 

Z03/ 

Z07-8 

Z/Z-5 

Uz 

m-4 

L/Z-6 

J/6-7 

/Z/-0 

/Z5i 

/Z9-3 

/33-7 

737-8 

747-8 

/4S-7 

/49-5 

/53Z 

756-9 

/6(75 

LzL} 

76S 

793 

8ZZ 

g30 

87-8 

90-9 

93-9 

968 

99-6 

/OZ-6 

/03-6 

/085 

777-4 

//4-Z 

InU 

3Z-0 

337 

333 

567 

38/ 

398 

6/4 

63/ 

648 

66-7 

68-3 

704 

7ZZ 

740 

U£t 

30-3 

3/7 

3Z8 

35-9 

33-0 

36-/ 

37/ 

380 

38-9 

39-9 

40-9 

4/-7 

4Z-3 

434 

LsLt 

131 

/3-S 

/4S 

/S-/ 

/S-7 

/6-4 

/7-0 

77-6 

78-/ 

/8-7 

/9Z 

79g 

Z03 

Z08 

9 

U, 

1664 

/7Z-0 

/77-6 

/g3-3 

7894 

/93/ 

ZOO'9 

Zff64 

Z//-8 

Z/7-5 

7ZZ-7 

7780 

Z53Z 

Z3g4 

L,Lt 

IZSZ 

I5Z-9 

1373 

/4Z5 

1474 

/3Z-/ 

/568 

/6/-3 

/63-7 

/70-/ 

/74-3 

/78-8 

/g^ 

7g?Z 

LzLs 

954 

99Z 

/OM 

/064 

/09-g 

//Z-9 

//6-6 

/ZO-4 

/Z4-/ 

/Z7-6 

/3/-0 

/344 

/37-7 

/4/-0 

LUt 

67-4 

694 

7ZZ 

74g 

77-3 

80'/ 

87-7 

85-7 

87-6 

90-/ 

97-5 

949 

973 

99-9 

lUs 

45-3 

46S 

483 

49-6 

30-8 

5Z4 

53-8 

354 

569 

58-6 

60-Z 

6/-9 

635 

65-3 

Islt 

Z6-2 

77-3 

Zg-3 

Z9-3 

303 

3/3 

3Z-3 

33/ 

35-9 

34S 

35-7 

36-3 

37Z 

ig'O 
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TABLE  VII. 
Maximum  Shears  in  Truss  Bridges  for  Cooper's  E50  Loading. 

Shears  for  Throush  Spans 
Cooper's  &50  Loading 

Shears  in  Thoasands  of  Pounds  For 

One  Rail* 


Hmi*t 

of 
fbneh 

fa 

/^ne& 

Length  of  P3nel 

19V 

I9'6' 

20V 

20'6' 

2I'0' 

2I'6' 

22V 

22'6' 

23'Cf 

23'6' 

Z4'0' 

24'6' 

Z5'0'- 

25'6' 

3 

UL, 

70-S 

72-0 

73-2 

4 

UL, 

982 

100-7 

103-0 

1056 

1082 

tfO-? 

/73-Z 

//55 

7/7-7 

/ZOO 

/ZZ-Z 

IZ44 

/Z65 

/Z87 

Uz 

49i 

503 

51-3 

522 

53-7 

54-6 

549 

55-8 

567 

574 

58-Z 

59-0 

59-7 

605 

Izls 

14-i 

14-7 

IS-0 

75-3 

15-6 

15-9 

76-Z 

16-5 

/6-7 

/7-0 

/7-2 

77-5 

/7-8 

/&/ 

5 

UL. 

130-4 

1335 

136-6 

739-8 

74Z9 

146-0 

749-0 

/52-0 

/549 

157-8 

/6O.5 

/63-3 

/660 

/68-8 

Ut 

7H 

774 

79-1 

80-9 

826 

844 

86-/ 

88-0 

89-9 

9/-7 

935 

95-/ 

96-6 

98-3 

Izls 

37-5 

381 

388 

39-6 

403 

40-9 

4/6 

42-3 

4Z-9 

43-7 

443 

45-0 

45-5 

463 

6 

lU, 

/6N 

J64-6 

I68-I 

171-7 

7752 

7/8-8 

/8Z-3 

/85-8 

/892 

7936 

/959 

/992 

Z0Z5 

2059 

IfLz 

J06-I 

/08-6 

HI-0 

173-6 

7/6-0 

7/8-5 

/ZO-8 

/232 

/Z54 

/Z7-9 

/30-7 

/3Z-4 

/34i 

/36-8 

Uli 

6ff-7 

62-1 

63-5 

651 

66-6 

682 

69-6 

7/-3 

729 

74-5 

759 

774 

7S-6 

802 

lsl4 

50-2 

308 

31-4 

32-1 

32-8 

33-4 

34-0 

345 

350 

35-5 

36-0 

36-6 

37-7 

376 

7 

LU, 

189-7 

1939 

197-8 

207-7 

2055 

Z096 

Z/37 

2/7-9 

227-8 

Z258 

2297 

Z336 

2374 

24/4 

Ui 

135-9 

139^ 

14Z-0 

7450 

7479 

1509 

7537 

156-1 

/S9-5 

/62/ 

/'64-8 

767-6 

7703 

/732 

Ula 

888 

91-0 

931 

954 

975 

99-6 

707-6 

/03-8 

1058 

/07-9 

/09-8 

///-8 

//3-6 

7/5.6 

Islf 

3A3 

52'4 

534 

54-5 

555 

567 

57-8 

59-5 

60-6 

62-/ 

63-4 

64-7 

65-S 

67/ 

Us 

25-1 

/5-7 

r6-3 

26-9 

Z7-4 

ZS-O 

Z8-5 

29-0 

Z9-4 

29-9 

50-3 

30-8 

3/3 

37-g 

8 

IcL, 

217-1 

221-7 

2263 

2308 

235-2 

239-9 

2443 

2489 

Z534 

258-0 

262-5 

Z67-7 

2775 

Z76-0 

Uz 

164-1 

167-7 

171-3 

174-8 

778-2 

I8/-7 

/85-0 

/88-4 

/9/7 

/95-/ 

/98-3 

ZO/7 

Z049 

2083 

UU 

U7-0 

119-8 

122-5 

1251 

7276 

/3a5 

132-9 

/354 

737-8 

/403 

I4Z7 

/45-Z 

/47-5 

/5O0 

ULt 

75-8 

77-8 

79-8 

87-7 

83-6 

85-5 

87-3 

89Z 

97-0 

92-8 

945 

96-3 

98-0 

998 

ULs 

44-2 

45-2 

46-/ 

47.7 

48-0 

49-0 

49-9 

5/-0 

5Z-/ 

53/ 

547 

553 

56-4 

574 

IsLt 

21-3 

21-9 

2M 

ZZ-9 

Z3>4 

Z3-9 

Z4-4 

Z4-9 

Z5-3 

25-7 

26-0 

26-5 

269 

Z73 

9 

L,L, 

24H 

2488 

2539 

259-0 

268-0 

Z69Z 

2742 

279-4 

28*5 

289-7 

2949 

2999 

5049 

3/0-0 

L,Lz 

191-4 

195-4 

199-5 

203-5 

20?5 

Z/75 

2/5-6 

2/9-4 

2253 

2272 

25/-0 

2349 

258-8 

242-8 

ItU 

7442 

1474 

1506 

1538 

7569 

760-0 

7630 

/66-0 

/69-0 

/7Z-0 

175-0 

7779 

/80-8 

/838 

LiU 

102-4 

104-9 

107-3 

709-7 

772-0 

7744 

7/6-6 

//89 

/Z7/ 

/254 

7255 

/Z78 

7299 

73Z-0 

I.4L1 

e?o 

686 

70-J 

71-7 

733 

749 

76^ 

78-0 

79-5 

81-2 

82-8 

843 

85-8 

87-4 

LsU 

38-7 

394 

404 

47-3 

4Z-7 

43-0 

439 

449 

45-8 

46-7 

47-6 

48-6 

49-6 

50-6 
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TABLE  VIII. 
Maximum  Shears  in  Truss  Bridges  for  Cooper's  E50  LoADiNa 

Shears  for  Through  Spans 
Cooper's  &S0  Loading 

Shears  in  Thousdnds  oF  Pounds  For 

One  Raff* 


Hmber 

oF 
Fsnels 

in 
Bridge 


P^neb 


len^M  oF Pane/ 


Z6^ 


fvi* 


//•# 


/^ 


Z7^' 


UM 


27'6 


Zf-VZS-'S' 


29kf  2^(f  50V  5f-'0 


//)« 


iZ^ 


/^» 


3^0 


u^ssfo 


'f/tit 


LoL, 


UL, 


130-9 


133'/ 


J35'2 


137-3 


1396 


/4/'3 


I4H 


14S'SJ4?B 


LiU 


6/'3 


62'/ 


629 


634 


64'6 


65-6 


66-3 


6?4 


6f'3 


I2I3 


/M 


/H 


/S'9 


/9'/ 


/B-l 


/9'6 


/9'8 


iW 


Z06 


5 


LoLt 


l7/'4 


/74/ 


/76'7 


/794 


/Sl'9 


/84B 


/8%0 


/89'6 


192-0 


/97'/ 


202420^3 


2/26 


2/74 


Idz 


/OO'/ 


/0/'9 


/03'$ 


103-4 


/07'/  /0&9  //0^6 


//Z'3 


//4'0 


//73 


/Z06 


/Z3r3 /Z6'S /Z9£ 


Lzls 


46-9 


47-7 


48^3 


49-0 


496 


50-3 


3/'3 


3Z'/ 


3Z'S 


343 


35*8 


373 


39-/ 


60^ 


LoLi 


20$^ 


2/222/342184 


22/8 


2249228-0 


23/-/ 


234*2  2403  246-6  2328  239! 


2633 


6 


Uz 


1390 


/4/'3 


/433/45'8 


/48'0/503 


/3Z'4 /346 /36'7 


/60-8/63-/ 


/f93tZ33/773 


Ills 


8/3 


830 


843 


83-7 


870 


884 


S96 


9// 


9Z4 


93-0 


973  /OO^  /0Z3  /OS-/ 


IU4 


38'/ 


38-6 


39/ 


396 


40-0 


40-3 


4/'0 


4/'7 


4Z'4 


43-6 


43'/ 


46-3 


478 


49-3 


LoLi 


245-2 


249/ 


25Z8  236-6  2604  264-/  2677  27/-4  273^  28Z-3  2896 


297/ 


3046 


3/Z-O 


7 


Uz 


/7S-9 


/788 


/8/3 


/ 84-4/ 870 


/89-9  i9Z-3  /934  /979  203-3  2083  2/3-8  2/8-8 


224^ 


LzLs 


i/7-4 


//93 


IZA/ 


/Z3-0 /Z4'8 /Zf6 /Z83 


/30'Z 


/3/-S 


/333  /38-8  /4Z3  /46-0  /494 


LU4 


683 


696 


708 


7Z-0 


73-/ 


74-3 


73-4 


76-7 


778 


80*/ 


8Z-4 


U3 


864 


88-8 


I4U 


32*/ 


326 


33-0 


333 


33-8 


U3 


U-6 


33-/ 


33-6 


36-3 


37^3 


38-3 


39-8 


4/-0 


/•qLi 


2804 


zm 


Z892Z936Z979 


30Z3 


3063  3/0*9  3/30  3233  3320 


340634933379 


AiL 


2//4 


2/3/ 


Z/842Z/*8 


223^  2284  23/'7 


233^  2382  2446  23/'0 


2573263-8270-0 


8 


Ms. 


/3Z3 


/347 


/570/3U/6/'7 


/640 


/66'/ 


/683 


/ 70-8  / 734  / 80*/ 


/U*8/893 


/93'9 


Ma 


/0I-4 


/03-/ /04-6 /06-3 


/07-9 


/093 


///-O 


//Z-6 


//4-/ 


//7-3 


/ZO'3 /233 /Z6-3 


/Z93 


UU 


38-4 


IsL 


276 


593 
Z8'0 


605 


6/-6 


6Z6 


63-7 


64*8 


63-9 


e$-9 


68-3 


70*8 


7Z-8 


74-8 


76*7 


Z8'4 


Z8'8 


Z9/ 


293 


Z9'9 


30-4 


30-8 


3/-3 


323 


333 


343 


33-2 


Id, 


3/5-0 


320'/ 


325/1 


330^0  554-9 


3599 


344-7  3497  3543 


564/573-8 


3833  595-5  4036 


LL 


246-7250625452583 


2624266-3 


270-2  2740  2778  2834  293-0  5003  3080 


3/33 


Izli 


/86'7 


1896 


/924 


/93'3 


/m 


20092038206-72093 


2/33 


22/0226423232381 


UL 


/34-/ 


/ 36-3/384 


/403 


/423 


/44'6/46'6 


/48-6 


/30-6 /344 /38-8 


7627 


/66*6  /70'3 


Mk 


889 
5/3 


904 
524 


9/-8 
533 


933 
34-Z 


94-8 
33-0 


96-Z  974 
339  56-8 


990 
574 


/004 
58-4 


/_03± 
603 


/038/084 


620 


63-8 


///-3 
633 


//40 
672 
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TABLE  IX. 
Maximum  Bending  Moubnts  in  Pkatt  Truss  Bkidgbs  for  Cooper's  Esq  Loading. 

Bendins  Moments  for  Through  Spans 
Cooper's  E-SO  Loadins 

Mome/H'S  in  Thovsands  of  Foof- Founds  For 

One  Rail' 


\Hmiir 

fiuls 

in 

fy/M/ 

Point 

Lengf/i  oF  Pane/ 

8L0' 

9'-0' 

10-0' 

ll'-O' 

IZ'-O' 

lZ'-6' 

13'-0' 

13'-6' 

/4'-0' 

/4^'' 

/B'-O' 

/5L6' 

3 

L, 

325 

392 

464 

542 

619 

66/ 

707 

755 

803 

850 

900 

952 

4 

L, 

4ii 

i32 

652 

743 

859 

9/8 

982 

1046 

///5 

//83 

/254 

I3Z4 

U 

B69 

681 

821 

964 

11/0 

//89 

IZ69 

1552 

/44/ 

/529 

/624 

/7Z0 

5 

L, 

540 

66Z 

79Z 

929 

1071 

1140 

1217 

1298 

/389 

/480 

1580 

/679 

it 

790 

964 

1148 

1361 

1574 

1675 

1792 

1910 

2047 

2/77 

2509 

2439 

6 

Li 

64i 

783 

930 

1095 

1Z80 

1375 

1485 

1600 

/7Z4 

/840 

1964 

Z089 

It 

1008 

1166 

1465 

1710 

1997 

2155 

2289 

2445 

26/6 

2792 

2984 

3/74 

L, 

ii/O 

1351 

1617 

19Z4 

2240 

2407 

2581 

2760 

2946 

5/58 

5337 

3538 

7 

L, 

7ZS 

892 

1080 

1Z92 

1530 

1645 

1775 

1906 

2047 

2/85 

235/ 

2479 

it 

IZIS 

J47S 

174S 

Z070 

2441 

2642 

2849 

3050 

3Z63 

3485 

3722 

3957 

It 

1425 

1739 

Z0g6 

Z465 

2879 

3100 

3332 

3560 

3802 

4040 

43/Z 

4595 

8 

I, 

815 

JOZl 

1Z54 

1500 

1766 

1900 

2047 

Z200 

2358 

25/6 

2686 

2845 

^ 

1397 

1701 

Z046 

Z490 

2933 

3165 

3405 

3645 

3898 

4/60 

4436 

47/8 

it 

/71B 

ZIOO 

Z529 

Z99I 

3498 

3775 

4078 

4383 

47/0 

5040 

5380 

57Z0 

l4 

1819 

ZZ40 

2699 

3Z03 

3742 

4025 

4544 

4681 

5054 

5398 

5768 

6/47 

9 

L, 

9ZZ 

1163 

1418 
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TABLE  X. 

Maxiuuu  Bbhding  Mouents  in  Pkatt  Truss  Bridges  for  Cooper's  E50  Loading. 
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SHEARS  AHD  UOHERTS  IN  A  PLATE  GIRDER  BRIDGE.— The  maximum  shears 
and  moments  in  an  86  ft.  span  deck  girder  railway  bridge  are  shown  in  Fig.  30.  In  calculating  the 
maximum  live  load  shears  the  girder  was  divided  into  sections  about  7  ft,  in  length  and  the  maxi- 
mum shears  were  calculated  as  in  a  truss  bridge.  The  maximum  bending  moments  were  also 
calculated  for  the  same  points  in  the  girder.  The  make-up  of  the  tension  flange  and  the  rivet 
q>acing  is  shown  in  Fig.  30. 

The:  stress  digram  for  a  60  ft.  span  single  track  deck  plate  girder  bridge  is  shown  in  F^.  31. 
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Fig.  ao.    Shears  and  Moments  in  a  Railway  Plate  Girder. 

ICATERIAL. — Open-hearth  carbon  steel  complying  with  the  specifications  of  the  Am,  Ry. 
Eng.  Assoc  as  given  in  the  last  part  of  this  chapter  is  commonly  used  for  bridges  up  to  spans 
of  500  to  550  feet.  For  spans  of  more  than  500  or  550  feet  to  about  650  feet  carbon  and  nickel 
•teel  are  used,  or  nickel  steel  alone  is  used.  For  spans  of  650  to  750  feet  nickel  steel  alone  should 
be  used.  For  an  exhaustive  discussion  of  the  use  of  nickel  steel  in  the  construction  of  bridges  see 
article  entitled  "  Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E„  in  Trans. 
Am.  Soc.  C.  E.,  Vol.  63,  1909.  An  excellent  discussion  of  the  design  of  large  bridges  is  given  in 
"Dengn  of  Large  Bridges  with  Special  Reference  to  the  Quebec  Bridge"  by  Ralph  Modjeski, 
Consulting  Engineer,  in  Journal  Franklin  Institute,  September,  1913. 

ALLOWABLE  STRESSES.— The  allowable  stresses  on  carbon  steel  as  adopted  by  the  Am. 
Ry,  Eng.  Assoc,  are  given  in  the  specifications  in  the  last  part  of  this  chapter.  Out  of  39  railroads 
in  the  United  States  34  were  using  the  Am.  Ry.  Eng.  Assoc,  specifications  for  allowable  unit 
(tresses  in  1913.     For  additional  data  on  unit  stresses,  see  Table  XV'I. 
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ECONOMIC  DESIGN  OF  RAILWAY  BRIDGES.— Pin-connected  truu  bridges  have 
been  used  for  railroads  on  account  of  the  case  of  erection,  ease  in  calculating  the  Btresses,  and  the 
simplicity  of  details  which  give  small  secondary  stresses.  The  present  practice  in  railway  bridge 
design  is  to  use  plate  girders  for  spans  up  to  about  115  ft.,  and  riveted  tniw  bridges  for  longcr 
epans;  pin-connected  bridges  being  used  only  for  very  long  spans  and  for  spans  of  300  ft.  and  over 
where  there  is  some  special  reason  such  as  ease  of  erection  or  low  cost.  The  author  would  recom- 
mend pin-connected  truss  bridges  for  all  spans  of  200  ft.  and  over  for  the  following  icaaons: — 
(i)  the  weight  of  a  pin-connected  truss  bridge  with  eye- bars  is  less  than  the  weight  of  a  riveted  truss 
bridge  of  the  same  span  and  capacity,  and  while  the  shop  cost  per  pound  of  pin-connected  truss 
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bridges  b  slightly  higher  than  for  riveted  truss  bridges,  the  total  cost  erected  of  the  structural 
fted  in  the  pin-connected  bridge  is  less  than  the  steel  in  the  riveted  bridge.  (2)  The  pin-con* 
nected  truss  bridge  can  be  erected  in  less  time  at  a  very  much  less  cost  than  the  riveted  truss  bridge. 
(3)  The  secondary  stresses  in  the  pin-connected  truss  bridge  are  smaller  than  in  the  riveted  truss 
bridge  and  the  structure  is  more  efficient.  (4)  With  the  present  ballasted  floors  the  vibration 
and  impact  stresses  are  no  greater  in  a  pin-connected  truss  bridge  than  in  a  riveted  truss  bridge. 
Riveted  tension  members  are  difficult  to  design  and  are  expensive  of  material  and  labor.  Eye- 
bars  are  ideal  tension  members  in  which  the  material  is  used  efficiently.  For  the  above  reasons 
the  author  predicts  that  the  pin-connected  bridge  for  spans  of  200  ft.  and  over  will  regain  its 
place  as  a  standard  type  of  railroad  bridge. 

The  Pratt  truss  with  parallel  chords  is  used  for  pin-connected  spans  up  to  about  250  ft., 
while  riveted  truss  spans  are  made  with  Pratt  or  Warren  trusses;  double  and  triple  intersection 
tnaats  are  also  used  for  riveted  trusses.  For  long  span  bridges  the  subdivided  Pratt  truss  with 
inclined  chords  (Petit  truss)  is  generally  used.  The  width  center  to  center  of  trusses  should  not 
be  less  than  one-twentieth  of  the  span,  and  preferably  not  less  than  one-eighteenth.  The  height 
at  the  center  should  be  from  one-fifth  to  one-seventh  of  the  span;  the  Municipal  Bridge  at  St. 
Louis  has  a  center  height  of  one-sixth  of  the  span.  The  height  at  the  ends  should  be  only  sufficient 
for  an  effective  portal.  The  most  economical  inclination  of  diagonals  is  very  nearly  40  degrees, 
•0  that  in  a  Petit  truss  the  panel  length  should  be  about  0.42  times  the  height.  For  the  most 
economical  web  system  the  panels  should  vary  in  length  as  the  depth  varies,  but  this  increases 
the  weight  of  the  floor  and  also  increases  the  shop  cost  and  cost  of  erection,  so  that  constant  panel 
lengths  are  commonly  used.  One  railroad  specification  requires  that  panel  lengths  shall  not 
eiceed  35  feet.  For  truss  bridges  of  the  Pratt  type  with  two  stringers  and  an  open  timber  floor 
the  present  practice  is  to  use  a  panel  length  of  22}  to  27}  ft.,  with  25  ft.  as  an  average.  Increasing 
the  kngth  of  the  panels  increases  the  weight  of  the  floor  system,  and  decreases  the  weight  of  the 
tnines.  The  economical  panel  lengths  for  bridges  with  ballasted  floor  is  less  than  for  bridges  with 
open  timber  floor.  Riveted  truss  bridges  with  triple-intersection  web  members,  Fig.  41,  are 
made  with  very  short  panels. 

With  the  increase  in  the  size  of  the  sections  in  a  bridge  great  care  must  be  taken  in  detailing 
to  use  details  that  will  develop  the  full  strength  of  the  members.  Increased  details  increase  the 
thop  cost  and  for  this  reason  there  is  a  tendency  for  bridge  companies  to  cut  down  details  and  to 
change  details  so  as  to  simplify  shop  work  even  at  the  expense  of  added  weight  in  order  to  obtain 
a  km  pound  price.  For  this  reason  detail  drawings,  not  necessarily  shop  drawings,  should  always 
be  made  by  the  designing  engineer.  The  author  has  in  mind  a  case  where  to  change  the  details 
of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details  equal  to 
5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field  rivets, 
with  no  increase  in  efficiency.     It  is  needless  to  say  the  change  was  not  made. 

An  empirical  rule  for  calculating  the  economical  depth  of  plate  girder  spans  is  to  make  the 
9na  of  the  flanges  equal  to  the  area  of  the  webs.  The  actual  depths  of  plate  girders  are  commonly 
•fightly  kss  than  the  depth  given  by  the  above  rule.  The  minimum  thickness  of  |  inch  for  plate 
Cirder  webs  should  be  used  only  for  stringers  with  short  spans,  and  the  thickness  of  the  web 
■hooid  be  increased  as  the  span  and  depth  of  the  girder  increases.  For  the  depths  and  spacing  of 
piate  girders  designed  und^r  Common  Standard  Specifications  1006,  see  Table  I. 

DBTAILS  OF  RAILWAY  BRIDGES. — It  is  very  important  that  the  details  of  railway 
bridges  be  worked  out  with  great  care.    A  few  standard  details  will  be  briefly  described. 

Sccticmi  for  Chords  and  Posts. — Chord  sections  are  shown  in  (a)  to  (i)  in  Fig.  22.  Sections 
'a)  and  (b)  are  used  for  light  chords  and  (c),  (d)  and  (e)  for  heavy  chords.  Sections  (a)  and  (d)  are 
abo  made  by  turning  the  angles  in,  as  in  section  (i).  Sections  (0  to  (i)  are  used  for  chord  sections, 
for  intermediate  posts  and  for  columns.  Sections  (n)  and  (p)  to  (t)  are  used  for  column  sections. 
Chord  actions,  posts  and  columns  with  diaphragms  or  webs  at  right  angles  to  each  other  as  in 
(a)  to  (e),  (n),  and  (p)  to  (t)  give  much  better  results  under  actual  service  than  laced  sections  aa 
in  (f)  to  G)  and  (o).    Sections  (j)  to  (m)  and  (o)  are  used  for  struts  and  braces. 
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Iges  may  have  open  timber  floors  as  in  Fig.  33,  or  ballasted  doors  as  in  Fig.  34, 
or  track  elevation  and  for  bridges  croBsing  over  streets,  buildings,  and  similar 
ballasted  floors,  the  bndge  floor  is  waterproofed  and  the  water  falling  on  the 
the  ground  throi^h  properly  arranged  drains. 
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Fig.  aa.    Typbs  of  Columns  and  Top  Chord  Sections. 

le  standard  timber  floors  used  by  the  Southern  Pacific  R.  R.,  the  Union  Pacific 
larriman  Lines  are  given  in  Fig.  33.  For  additional  details  of  open  timber  floors 
ig.  3,  Chapter  Vll.     The  American  Railway  Engineering  Associatioa  in  1912 
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recommended  that  guard  timbers  be  used  on  all  open-floor  bridges,  also  that  guard  rails  be  used 
on  all  bridges,  and  that  the  guard  rails  should  extend  at  least  50  ft.  beyond  the  end  of  the  bridge. 
For  additional  details  see  Chapter  VII,  "Timber  Bridges  and  Trestles." 

Details  of  a  ballasted  floor  with  a  reinforced  concrete  slab  deck,  and  a  ballasted  floor  with  a 
timber  deck,  as  designed  and  used  by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  aie  given  in 
Fig.  24.  The  reinforced  concrete  slabs  are  made  either  at  the  bridge  site  or  at  some  other  con- 
venient location  and  are  hoisted  into  place  after  the  concrete  has  gained  suflicient  strength. 

The  Chicago,  Burlington  &  Quincy  R.  R.  uses  reinforced  concrete  slabs  for  a  ballasted  deck 
on  deck  girders  that  difler  from  the  Chicago,  Milwaukee  &  St.  Paul  slabs  in  Fig.  24,  in  the  following 
details.  The  reinforced  concrete  slabs  are  14  ft.  long  in  place  of  13  ft.;  and  are  5  ft.  wide  in  place 
of  3  ft.  7  in.  The  top  of  the  slabs  and  the  edges  of  the  slabs  are  painl^  with  tar  paint  (made  of 
16  parts  coal  tar,  4  parts  Portland  cement,  and  3  parts  kerosene).  The  edges  of  the  reinforced 
concrete  slabs  are  beveled  and  after  the  slabs  are  laid  the  joint  between  the  slabs  is  packed  with 
oakum  for  a  depth  of  i  in.  at  the  bottom  and  the  remainder  of  the  joint  is  filled  with  i  to  3  Portland 
■cement  mortar.  Where  the  reinforced  concrete  deck  is  placed  on  a  deck  girder  with  cover  plates, 
a  strip  of  No.  22  gage  lead  3  in.  wider  than  the  cover  plate  is  placed  on  top  of  the  cover  plate  and 
forced  down  over  the  rivet  heads.  After  the  slabs  have  been  put  in  place  and  blocked  up  to  the 
proper  elevation  the  space  between  the  lead  sheet  and  the  slab  is  filled  with  i  to  3  Portland  cement 
mortar.  The  minimum  thickness  of  the  mortar  joint  is  one  inch.  Cinders  or  slag  are  not  used 
for  ballast  on  reinforced  concrete  slab  decks. 

A  standard  reinforced  concrete  floor  for  a  through  plate  girder  bridge  as  designed  by  the 
Chicago,  Burlington  &  Quincy  R.  R.  is  shown  in  Fig.  25.  The  concrete  is  1:2:4  Portland 
cement  concrete.  The  upper  surface  of  the  concrete  slab  is  painted  with  coal  tar  paint,  the  same 
as  the  deck  slabs.    Zinc  sheets,  No.  22  gage  and  8  in.  wide  are  placed  on  the  tops  of  the  floorbeams. 

A  steel  plate  ballasted  floor  on  a  through  riveted  truss  bridge  is  shown  in  Fig.  41. 

WATERPROOFING  BRIDGE  FLOORS.— The  problem  of  waterproofing  bridge  floors  is  a 
diflicult  one  and  has  been  worked  out  in  great  detail  by  the  engineers  of  many  railroads,  and  by 
the  American  Railway  Engineering  Association.  For  a  very  full  discussion  of  the  problem,  see 
the  proceedings  of  the  American  Railway  Engineering  Association,  especially  Volume  14,  1913* 
and  Volume  15,  1914.  The  following  extracts  from  the  report  of  a  committee  of  the  American 
Railway  Engineering  Association  presented  at  the  annual  meeting  of  the  society  in  March,  1914, 
are  of  value. 

The  methods  of  waterproofing  are  stated  as  follows: — 

"The  ordinary  methods  of  waterproofing  are. 

"(i)  Coatings:  (a)  Linseed  oil  paints  and  varnishes,  (b)  Bituminous;  asphalt  and  coal  tar. 
(c)  Liquid  hydrocarbons,     (d)  Miscellaneous  compounds,     (e)  Cement  mortar. 

"  (2)  Membranes:  Felts  and  burlaps  in  combination  with  various  cementing  compounds. 

"  (3)  Integrals:  (a)  Inert  fillers,     (b)  Active  fillers. 

"  (4)   Watertight  concrete  construction" 

The  conclusions  reached  in  the  report  are  as  follows: — 

*'  (i)  Watertight  concrete  may  be  obtained  by  proper  design,  reinforcing  the  concrete  against 
cracks  due  to  expansion  and  contraction,  using  the  proper  proportions  of  cement  and  graded  aggre- 
gates to  secure  the  filling  of  the  voids  and  employing  proper  workmanship  and  close  supervision. 

**  (2)  Membrane  waterproofing,  of  either  asphalt  or  pure  coal  tar  pitch  in  connection  with  felts 
and  burlaps,  with  proper  number  of  layers,  good  materials  and  workmanship  and  good  working 
conditions,  is  recommended  as  good  practice  for  waterproofing  masonry^  concrete  and  bridge  floors. 

"  (3)  Permanent  drainage  of  bridge  floors  is  essential  to  secure  good  results  in  waterproofing. 

."(4)  Integral  methods  of  waterproofing  concrete  have  given  good  results.  Special  care  is 
required  to  properly  proportion  the  concrete,  mix  thoroughly  and  deposit  properly  so  as  to  ha\*e 
the  void-filling  compounds  do  the  required  duty;  if  this  is  neglected  the  value  of  the  compound  is 
lost  and  its  waterproofing  effect  is  destroyed.  Careful  tests  should  be  made  to  ascertain  the 
proper  proportions  and  effectiveness  of  such  compounds.  Integral  compounds  should  be  used 
with  caution,  ascertaining  their  chemical  action  on  the  concrete  as  well  as  their  effect  on  its 
strength;  as  a  general  rule,  integral  compounds  are  not  to  be  recommended,  since  the  same  results 
as  to  watertightness  can  be  obtained  by  adding  a  small  percentage  of  cement  and  properly  grading 
the  aggregate. 
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Fig.  a4.    Standard  Ballasted  Floors.    Chicago.  Md-waukee  &  St.  Paul  Rt- 


180  STEEL  RAILWAY  BRIDGES.  Chap.  IV. 

"(5)  Surface  coatings,  such  as  cement  mortar,  asphalt  or  bituminous  mastic,  if  properiy 
applied  to  masonry  reinforced  against  cracks  produced  by  settlement,  expanuon  and  contraction, 
may  be  successfully  used  for  waterproofing  arches,  abutments,  retainii^  walls,  reservoirs  and 
similar  structures;  Jor  important  work  undtr  high  pressure  of  voter  these  fannoJ  be  recommtndtd 
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ind  varnishes,  are  not  considered  reliiMe  or 

ors  will  be  shown  by  describing  the  standard 

CfflCATIONS  FOR  WATERPROOFIHG. 

lul  Ry.  for  waterproo6ng  are  as  (allows, 
m  must  be  made  in  designing  the  slructurc. 
it  hydrostatic  pressure,  and  the  membrane 


and  dry  the  concrete  surface  using  wire 
If  necessary  use  hot  sand  to  dry  the  coa- 
Tace  and  follow  with  a  coat  of  cold  primer, 
primer  where  tar  paper  is  to  be  placed  and 

las  completely  dried,  apply  a  coat  of  pure 
if  i  in.  Wliile  the  asphalt  is  still  hot  begin 
averse  to  the  drainage  at  the  lowest  point, 
oofs,  and  parallel  to  the  6rst  strip  working 
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up  to  the  summit  and  exposing  one-third  of  each  width  of  burlap  to  the  weather.  Press  each 
strip  firmly  into  the  asphalt,  then  mop  well  with  pure  melted  asphalt  taking  care  to  thoroughly 
saturate  the  burlap  and  to  fill  all  cracks  and  blow  holes.  Lap  the  joints  in  the  strips  6  in.  On 
this  three-ply  layer  of  burlap  spread  a  continuous  layer  of  hot  asphalt  mopping  well  until  a  layer 
of  i  in.  is  obtained.     See  (f )  Fig.  26. 

(4)  Summit  Joints. — ^After  the  work  has  been  brought  up  to  the  desired  point  from  both 
sides,  interlap  in  order  the  strips  which  reach  across  the  joint,  mopping  asphalt  between  burlap 
surfaces.  Place  a  strip  of  burlap  along  the  joint  for  a  closing  strip;  and  complete  by  laying  the 
upper  i  in.  of  asphalt  as  before  described.     See  (g)  Fig.  26. 

(5)  Longitttdiiiai  Joints* — If  possible  the  waterproofing  should  be  laid  in  one  run  the  full 
width  transverse  to  the  drain  slope  of  the  surface  to  be  waterproofed.  The  ends  of  the  burlap 
strips  should  be  flashed  into  recesses  in  the  walls,  curbs  or  parapets  as  shown  in  (e)  Fig.  26.  Where 
longitudinal  joints  are  necessary  cut  the  burlap  long  enough  to  extend  12  in.  beyond  the  primed 
and  asphalted  surface  of  the  concrete  and  use  care  as  the  strips  are  laid  that  the  12  in.  strip  is 
kept  free  from  asphalt.  When  the  succeeding  section  is  to  be  waterproofed  fold  back  the  projecting 
stnps  of  burlap  over  the  completed  waterproofing  and  bring  the  new  up  against  the  completed 
portion  of  the  waterproofing,  mterlapping  the  projecting  ends  of  the  burlap  with  the  new  burlap 
as  the  work  progresses,  (f)  Fig.  26.  On  concrete  trestle  or  subway  slabs  longitudinal  joints  in 
the  waterproofing  should  preferably  be  on  the  center  line  of  the  slabs.  If  it  is  necessary  to  place 
joints  in  the  waterproofing  over  joints  in  the  slabs  special  care  should  be  taken. 

(6)  Expansion  Joints. — Lay  two  continuous  strips  of  tar  paper  36  in.  wide  over  the  expansion 
jobt,  being  careful  to  see  that  no  asphalt  gets  between  or  under  the  two  strips  of  tar  paper.  Then 
mop  the  top  strip  with  hot  asphalt  and  carry  the  waterproofing  over  the  top  of  the  paper  the 
same  as  if  no  joint  existed.     See  (b)  and  (h)  Fig.  26. 

(7)  Concrete  Protection. — ^After  the  |  in.  layer  of  asphalt  on  top  of  the  burlap  has  become 
cold,  spread  a  |  in.  layer  of  concrete  evenly  over  the  suriface.  Then  press  a  layer  of  expanded 
metal  into  the  concrete,  and  cover  the  metal  with  a  Layer  of  concrete  }  in.  thick  making  tne  total 
thickness  of  the  concrete  1 1  in.,  and  trowel  the  concrete  smooth.  Protect  the  concrete  from  the 
sun  for  24  hours  after  laying.  The  joints  in  the  expanded  metal  should  be  lapped  6  in.  See  (d) 
Fig.  26. 

(8)  Materials. — Burlap. — ^The  burlap  is  to  be  treated  8  oz.  open  mesh  furnished  in  widths 
of  36  in.  to  42  in. 

Concrete, — ^The  concrete  is  to  be  i  part  Portland  cementi  2  parts, torpedo  sand,  and  3  parts 
stone  or  gravel  that  will  pass  a  }  in.  ring. 

Mortar, — ^The  mortar  is  to  be  i  part  Portland  cement  and  2  parts  washed  torpedo  sand^ 

Primer. — ^The  primer  is  made  by  pouring  hot  asphalt  in  80  per  cent  gasolene  until  mixture^ 
will  spread  readily  with  a  brush. 

AsphaU. — Pure  asphalt  conforming  to  accepted  specifications  is  to  be  used.  Before  using 
the  asphalt  heat  it  in  a  suitable  kettle  to  a  temperature  not  exceeding  450°  F.  The  temperature 
is  to  be  taken  with  a  thermometer.  Asphalt  heated  above  450  degrees  F.  or  giving  on  yellow 
fumes  is  to  be  discarded  as  overheated^ 

Expanded  Metal. — The  expanded  metal  is  to  be  equivalent  to  Northwestern  Expanded 
Metal  Go's.  **2j  in.  No.  16  Regular**  expanded  metal. 

Tar  Pa1>er. — ^The  tar  paper  will  be  furnished  in  rolls  36  in.  wide. 

CHICAGO,  BURLINGTON  &  QUINCY  R.  R.  SPECIFICATIONS  FOR  WATERPROOF- 
IHG. — ^The  specifications  of  the  Chicago,  Burlington&Quincy  R.  R.  for  waterproofing  are  as  follows: 

(i)  Description. — The  waterproofing  shall  consist  of  a  mat  of  4-ply  of  burlap  and  i-ply  of 
felt  thoroughly  saturated  and  bonded  together  with  waterproofing  asphalt  and  covered  with  one 
inch  of  sand  and  asphalt  mastic. 

(2)  Preparing  the  Surface. — ^The  surface  of  the  concrete  shall  be  smooth,  clean  and  dry. 
Upon  this  surface  apply  a  coat  of  primer,  which  shall  be  thin  enough  to  penetrate  the  concrete 
and  form  an  anchorage  for  the  waterproofing.  No  waterproofing  shall  he  done  when  the  temperature 
is  less  than  60  degrees  F. 

(3)  Applying  the  Burlap. — ^After  the  priming  coat  has  dried,  a  heavy  coat  of  waterproofing 
asphalt  heated  to  a  temperature  of  ago  degrees  F.  shall  be  applied  with  mops  the  width  of  the 
burlap,  and  while  the  asphalt  is  still  hot  a  layer  of  burlap  shall  be  bedded  in  it.  The  burlap 
shall  be  laid  just  behind  the  mopping  and  shall  be  swept  free  from  folds  and  p>ockets  with  a  broom. 
The  surface  of  the  burlap  shall  be  heavily  mopp>ed  with  waterproofing  asphalt.  Three  more  ply 
of  burlap  shall  be  laid  in  the  same  manner,  making  a  4-ply  burlap  mat  all  thoroughly  saturated 
and  bonded  together. 

The  top  of  the  burlap  mat  shall  be  heavily  mopped  with  asphalt  and  one  layer  of  felt  saturated 
with  asphalt  shall  be  laic^on  the  burlap  and  the  edges  of  the  felt  lapped  at  least  3  inches  and  sealed 
vith  asphalt.    The  top  of  this  felt  shall  also  be  mopped  with  waterproofing  asphalt. 

(4)  Mastic  Protection. — ^The  burlap  and  felt  mat  shall  be  covered  with  one  inch  of  asphalt 
BBstic  laid  in  one  layer,  the  mastic  to  be  composed  of  one  part  waterproofing  asphalt  and  four 
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parts  fine  gravel  traded  from  }  in.  to  fine  sand.    The  top  of  the  mastic  shall  be  leveled  off  with 
wooden  floats  and  mopped  with  waterproofing  asphalt. 

(5)  Expansion  Joints. — ^At  all  expansion  joints  in  the  concrete  a  fold  to  allow  for  the  ex- 
pansion of  the  structure  shall  be  formed  by  laying  the  burlap  and  felt  over  a  one-inch  pipe;  the 
pipe  being  removed  as  the  mat  is  being  completed. 

(6)  Splices  and  Flashing. — Where  the  work  is  stopped  before  being  completed  at  least  3  feet 
of  burlap  at  the  end  and  one-half  the  width  of  the  burlap  at  the  side  shaU  be  left  exposed  to  form  a 
splice. 

Special  care  shall  be  taken  to  seal  the  waterproofing  at  the  sides  and  ends  of  the  bridge.  The 
burlap  and  mastic  shall  be  carried  up  the  parapet  walls  at  the  sides  and  the  ends  of  the  burlap 
shall  be  concreted  into  a  recess  in  the  walls  so  that  no  water  can  enter.  The  burlap  shall  be 
carried  down  over  the  back-walls  at  the  ends  of  the  bridge  to  cover  all  construction  joints  and 
shall  run  into  a  line  of  tile  to  facilitate  the  escape  of  the  water. 

(7)  Materials. — Burlap, — The  burlap  is  to  be  8  oz.  open  mesh  high  grade  burlap  saturated 
with  an  asphalt  meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolls 
which  shall  be  placed  on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll. 

Pell, — The  felt  shall  he  a  good  quality  of  wool  felt  saturated  and  coated  with  an  asphalt 
meeting  the  specifications  for  waterproofing  asphalt.  It  shall  come  in  rolls  which  shall  be  placed 
on  end  for  shipment  and  storage,  and  shall  not  stick  together  in  the  roll.  It  shall  not  weigh  less 
than  15  lb.  per  100  sq.  ft. 

Primer, — The  primer  shall  be  an  asphaltic  compound  of  approved  quality  and  capable  of 
adhering  firmly  to  the  concrete. 

Waterproofing  Asphalt, — ^The  waterproofing  asphalt  shall  meet  the  following  requirements. 

1.  The  specihc  gravity  of  the  asphalt  desired  shall  be  greater  than  0.05  at  77  degrees  F. 

2.  The  flowing  point  shall  not  be  less  than  100  degrees  F.  nor  more  than  140  degrees  F. 

3.  The  flash  point  shall  not  be  lower  than  450  degrees  F. 
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Fig.  26.    Standard  Method  of  Waterproofing  Bridge  Floors.    C.  M.  &  St.  P.  Ry. 

d  The  penetration  at  80  degrees  F.  for  a  period  of  30  seconds  shall  be  at  least  15  millimeters 
and  must  not  exceed  20  millimeters.  This  penetration  to  be  measured  with  a  Vicat  needle  weighing 
^00  erams,  one  end  being  one  millimeter  in  diameter  for  a  distance  of  6  centimeters. 

S  When  heated  to  a  temperature  of  325  decrees  F.  for  7  hours  the  loss  m  weight  shall  not 
exceS  2  per  cent  and  the  penetration  of  the  residue  at  80  degrees  F.  and  for  the  period  of  30 
seconds  using  the  same  instrument  as  described  above  shall  not  be  reduced  more  than  50  per  cent. 

6.  The  total  soluble  in  carbon  bisulphide  shall  not  be  less  than  99  per  cent. 

7.  The  total  soluble  in  88  degree  naptha  shall  not  be  less  than  70  per  cent. 

8.  The  total  inorganic  matter  or  ash  shall  not  exceed  one  per  cent. 

a.  A^cube^ofthe  asphalt  one  inch  on  edge  shall  be  soft  and  malleable  at  a  temperature  of 
zero  degrees  F. 
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b.  A  film  of  the  asphalt  having  a  thickness  not  lees  than  ^  inch  thalt  be  ao  pliable  at  tero 
degrees  F.  that  it  ca.n  be  bent  in  a  radius  of  2  inches.  The  total  time  coDSumed  in  the  bending 
of  this  film  shall  not  exceed  3  seconds. 

10.  The  asphalt  shall  not  be  affected  by  any  of  the  following  solutions,  after  being  immersed 
in  them  tor  a  period  of  3  dayB:^(a)  a  25  per  cent  solution  of  sulphuric  acid;  (b)  a  as  per  cent 
solution  of  hydrochloric  acid;  (c)  a  30  per  cent  solution  lA  ammonia. 

FLOORBEAH  COHHECTIORS.— The  details  of  floorbeam  connections  depend  upon  the 
clearance,  depth  of  truss,  length  of  panels  and  type  of  Boor.  A  standard  type  of  floorbeam  con- 
nection for  a  pin-connected  truss  of  Jsoft.  span  is  shown  in  Fig.  38,  and  details  of  the  lower  lateral 
e  shown  in  F^.  37.     Details  of  a  floorbeam  connection  for  a  [un-connected  truss  with 


iNTERMEOIAn  FLOOR  BEAM 
Fig,  39.     Intbruediatb  Flookbeam  Connection.    A.  T.  &  S.  F.  Rt. 

four  stringers  is  shown  in  F^.  39.  E)etai1s  of  a  floorbeam  for  a  riveted  truss  bridge  are  shown  in 
Fig.  40,  Details  of  an  end  floorbeam  are  shown  in  Fig.  40.  IDetails  of  the  standard  end  floorbeam 
of  the  A.  T.  &  S.  F.  Ry.  are  shown  in  Fig.  30.  The  end  floorbeam  in  Fig.  30  is  supported  directly 
on  the  end  pin,  and  gives  a  very  satisfactory  solution  of  a  difficult  problem  and  requires  the  driving 
of  a  minimum  numljcr  of  field  rivets. 

PEDESTALS  AND  SHOES. — Details  of  standard  cast  steel  pedestals  and  shoes  as  designed 
by  the  Chicago.  Milwaukee  &  St.  Paul  Ry.  are  shown  in  Fig.  31,  Fig.  33,  and  Fig.  34.  E)etails 
of  segmental  rollers  are  shown  in  Fig.  33,  and  Fig.  35.  Details  of  expansion  bearings  for  plate 
girders  are  shown  in  Fig.  36,  and  Fig.  37.  Details  of  a  built-up  end  shoe  with  circular  rollers 
are  shown  in  Fig.  40.     Details  of  a  built-up  end  shoe  and  segmental  rollers  are  shown  in  Fig.  41. 

EXAMPLES  OF  PLATE  GIRDERS. — Details  of  an  85-ft.  span  single  track  deck  railway 
plate  girder  bridge  as  designed  tor  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G. 
Hedrick,  Consulting  Engineer,  are  shown  in  Fig.  36.     The  upper  flanges  are  made  of  four  angles 
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without  cover  plates,  so  that  the  ties  may  be  of  uniform  thickness  and  there  wilt  be  no  rivet  heads 
to  interfere  with  placing  the  ties.  The  lower  flanges  are  made  of  angles  with  cover  plates.  These 
plans  represent  the  most  modern  practice  in  the  design  of  deck  plate  girder  railway  bridges. 
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Fig.  jo.    End  Floorbeah  Connbction. 


A.  T.  &  S.  F.  Rt. 


Details  <A  a  6o-ft.  span  single  track  through  railway  plate  girder  bridge  as  designed  for  the 
Hanimaa  Lines  are  shown  in  Fig.  37.  The  details  of  the  bearings  are  shown.  Rollers  are  used 
(or  the  expanmon  ends  of  spans  of  75  ft.  and  over.  Data  on  standard  plate  girder  bridges  deugncd 
ooder  Common  Standard  Specifications  1006  are  given  in  Table  I. 

EXAMPLES  OF  TRUSS  BRIDGES. — The  marking  diagram  for  a  trass  railway  bridge  is 
■bown  in  Fig.  38.  The  lower  chord  joints  are  marked  io,  ii,  Ln,  etc.,  while  the  upper  chord 
joints  are  marked  V\,  Vi,  etc.  In  detailing  a  truss  an  in«de  view  of  the  left  end  of  the  farther 
truss  is  shown;  this  is  marked  right  as  shown.     Details  of  a  single  track  through  riveted  truss 
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Fig.  31.     Pedestals.     Chicago,  Milwaukee  &  St.  Paul  Ry. 
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Fig.  32.    Rollers.    CHlCAfJOi  Milwaukee  &  St.  Paul  Ry. 
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bridge  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G.  Hedrick,  Consulting 
Engineer,  are  shown  in  Fig.  39  and  Fig.  40.  The  end-posts  and  top  chords  are  made  of  two  15 
inch  channels  with  a  cover  plate,  and  the  lower  chords,  the  posts  and  the  main  ties  are  made  of 
two  channels  with  the  flanges  turned  in.    The  total  weight  of  the  steel  in  the  span  was  303,000  lb. 
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Fig.  35.    Details  of  Segmental  Rollers  for  Girders^ 
Chicago,  Milwaukee  &  St.  Paul  Ry. 

Details  of  a  double  track  through  riveted  truss  bridge  designed  for  the  Chicago  &  North- 
western Ry.  are  given  in  Fig.  41.  The  bridge  has  a  span  of  170  ft.,  the  trusses  are  spaced  29  ft. 
I  in.  centers,  and  the  bridge  has  a  vertical  clearance  of  22  ft.  6  in.  This  bridge  has  trusses  with 
triple  intersection  webs,  and  has  a  ballasted  track  carried  on  a  steel  plate  trough  floor.  This 
bridge  was  designed  for  a  dead  load  of  4,570  lb.  per  lineal  foot  for  each  truss  and  an  E  50  live  load. 
There  is  a  top  lateral  system  of  multiple  X-bracing  made  with  pairs  of  angles  latticed,  and  sway 
bracing  of  transverse  top  chord  struts  and  portals. 

Detail  shop  drawings  of  the  end-post  of  a  pin-connected  truss  bridge  are  given  in  Fig.  42,  and 
the  detail  shop  drawings  of  the  end  section  of  the  top  chord  of  the  same  bridge  are  given  in  Fig.  43. 
The  standard  methods  of  detailing  compression  members  are  shown. 

Details  of  a  single  track  pin-connected  truss  bridge  designed  by  Mr.  Ralph  Modjeski  for  the 
Northern  Pacific  R.  R.  are  given  in  Fig.  44,  Fig.  45  and  Fig.  46. 

SPECIFICATIONS  FOR  RAILWAY  BRIDGES.— To  determine  the  present  practice  in 
the  design  of  railway  bridges  the  author  has  made  a  study  of  the  latest  available  specifications. 
As  a  basis  for  comparison  the  sixteen  specifications  given  in  Table  XI,  were  selected  as  being 
representative  of  the  best  practice.  Several  other  prominent  railroads  have  adopted  the  speci- 
fications of  the  American  Railway  Engineering  Association,  so  that  the  sixteen  specifications  cover 
the  major  part  of  the  railroad  mileage  in  North  America.  The  standard  specifications  of  the 
Chicago,  Milwaukee  and  St.  Paul  Ry.  the  New  York,  New  Haven  and  Hartford  R.  R.,  and 
the  Canadian  Society  of  Civil  Engineers    ^  adopted  in  191 2,  are  based  on  the  standard  sped- 
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Fig.  41.    Chicago  ft  Nobthwestebn  Railway  Bsidgb. 
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^'m-B«»f  Splkta,  (W*  U  tvvry  fir, 
.txcfpf  »t^fr^  ffmbtr ^l/sts- 
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Fig.  45.    Single  Track  Through  Pin^connected  Rau,way  Bridge. 


SINGLE  TRACK  THROUGH  PIN-CONNECTED  BRIDGE. 


j^  FS'-O  c-fec-  Fhor  Sterns 


Biu  OF  Track  matfriMS 

FOR  OHF  SPAN 


M»ftri»l 

S,z» 

i,^ 

,.. 

Cr^Titi 

/// 

f''//' 

/^-(?* 

S»n>7}mi^ 

// 

fif' 

iW-'C' 

WflmrM 

IS 

i'fy- 

m- 

i?-« 

H»tk3c/ft 

It 

i'A-». 

M' 

C-H 

kmt^'kis 

^^i 

f^.>. 

o'-/o' 

\Coopgr's  ESO Load/ng- 


N'oi*:^  Holt! 

4fie,  Pirif  reamed  I 
Rivtfs  fobt 
Tofal  might 

itffs  and  kftriui 


HORTHEk 

STAHt>, 

J50FP  Tk 

^ALFH  Mod 
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ficationa  of  the  American  Railway  EDgineeriog  AMOciation;  the  specificatioiu  in  each  caae  dUTering 
from  the  spedficatione  of  the  American  Railway  Engineering  Associadon  only  in  requirements 
for  clearances,  and  in  minor  clauMS,  and  clauses  required  to  cover  individual  practice,  and  local 
conditions  of  the  individual  roads. 

TABLE  XI. 


RAILWAY BumE  ClEAHANCSS 


COMPARISON  OF  RAILWAY  BRIDGE  SPECIFICATION! 

AssodatioD  are  repriated  ia  the  last  part  ol  this  chapter.  To  show  the  presen' 
des^Q  of  railway  bridgea  as  given  in  the  sixteen  different  specifications  the  most 
atioos  froni  the  American  Railway  Engineering  Association  Specifications  will  be  ! 
The  aectioos  in  the  spedfications  of  the  American  Railway  Engineering  Asspdatioi 
to  by  oumber. 

{3.  QeartnccB. — The  clearances  for  throi^h  single  track  bridges  on  tangi 
Table  XI.  The  clearances  on  curves  difler  considerably.  Standard  formula; 
bridge  clearances  on  curves  are  aa  follows: 

Nomenclature,  Fig.  47: — 
D  •^  degree  of  curve 
R  =  radius  of  curve,  in  feet 
V  —  clearance  width  on  tangent 
a  3>  mid-ordinate  to  chord  of  length  A 
b  -^  roid-ordinate  to  chord  of  length  B 
c  "  mid-ordinate  to  chord  of  length  L 
e  "  amount  of  superelevation  in  feet  which  is 

taken  up  in  floor  oj  span 
k  '  height  of  car  or  distance  from  top  of  upper 

flange  or  chord,  whichever  is  least 
J  —  additional  clearance  required  on  account 

of  superelevation 
G  '  outside  clearance  from  center  line  of  bridge 
H  -  inside  clearance  from  center  line  of  bridge 


Formulas: — 
=  (nearly)  -  j 


X57; 


I  =  -  X  ft  =  o.2eh  (c.  toe 

»-!  +  »  +  ;+• 


For  Standard  Car 
A  =  8o'-o"  B  -  60 

a  -  0.1396D 
6  =  .07854!) 

G  =  J  +  (.06109  +  .0000101 
H  "  -  +  (.07854  +  .0000101 


the  trusses  or  girders  and  the  width  betwee 


— sr—^ 


clearance  lines  as  shown  in  Figs.  48 
CUAMHCE  L 


CtHTCB  ZW/.  k.OFj;eACK 


1^ ^ww_tf/'_4^A'___^  '■^._Mf?T^.?f.-^?''6f.. 

Fig.  48.  Fig,  49. 

IF  —  lateral  clearance  from  center  line  of  track  required  by  clearance  diagram  f 

U  —  middle  ordinate  of  curve  for  a  chord  equal  to  span  length. 

X  —  addition  for  overhang  of  a  car  85  ft.  long,  with  trucks  60  ft.  c.  to  c;  to  be  t 

for  each  degree  of  curve. 
Y  —  addition  in  inches  (on  the  inside  of  the  curve  only)  on  account  of  the  supe 
outer  rail,  to  be  taken  as  follows: 
For  heights  from  15  ft.  toiaft.  above  the  top  of  rail;  K  =  3  inches  per  inch  c 
For  he^hts  from  3  ft.  9  in.  to  15  ft.  above  top  o(  rail;  Y  =  j-A/s  (to  use 

For  heights  from  top  of  rail  to  3  ft.  9  in.  above;  K  —  j(ft  -f  i.5)/4. 
J  —  superelevation  in  inches. 
*  -  height  above  top  of  rail  in  feet. 
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Cooper^s  Specifications, — ^The  additional  clearance  for  curves  is  to  be  as  follows:  0.85D 
=  inches  on  each  side;  i.yoD  —  inches  between  track;  where  D  «  decree  of  curve. 

N.  Y.I  N,  H,&H.  R.  R, — ^The  additional  clearances  on  curves  will  be  as  follows:  1,00  XD 
=  inches  on  each  side;  1.75!?  =  inches  between  tracks,  where  D  =  degree  of  curve. 

Types  of  Bridges. — ^The  present  practice  is  to  use  plate  girders  for  spans  up  to  no  or  120  ft., 
riveted  trusses  for  spans  of  trom  100  to  200  or  250  ft.,  and  pin-connected  trusses  for  spans  of 
about  200  ft.  and  upwards.  Riveted  truss  bridges  of  300  and  400  ft.  span  are  not  uncommon. 
The  types  of  bridges  and  minimum  lengths  of  span  as  given  in  twelve  specifications  are  given  in 
Table  XII. 

TABLE  XII. 
TyP£5  0FBl^lD6f5  AND  LENGTHS  OF  SPAN- 


SpeciFication 

Rolled 

Beams 

Ft 

Plate 

6inlers 

Ft- 

Riveted 

Truces 

Ft- 

liiGmiected 

Trusses 

Ft- 

2A-T-S5FRy  System,    1902 

26to54 

26tol06 

mtoiso 

ISOandup 

3-  Baltimore  S  Ohio,        1904- 

30 

iOtollO 

lOOtolSO 

I50andt/p 

6-  Chi:lfock  Islands fbc-M-./m 

19 

19  to  110 

I00fo200 

200andup 

7-  Common  Standard,        1909 

19 

I9tol00 

lOOtolSO 

ISOandvp 

8-  Cooper,                      1906 

20 

20tol20 

I20tol50 

ISOandup 

9- Illinois  Central,           1911 

21 

21  to  100 

lOOtelSO 

150  and vp 

10- Kansas  Citu  Mexico  JP0rieBil907 

20 

20folOO 

I00to250 

250andup 

II- Lehigh  i/alley,             1911 

.25 

2StollO 

110  to  160 

WOantfap 

12-Nety  rtrk  Central,      1910 

25 

25tollO 

llOtolSO 

ISOancfup 

14-Jim-Unes  IVest9Fmslm3ii,l906 

tolOO 

lOOhZSO 

250andup 

IB-National  Lines  oF  Mextco.1907 

50 

25  to  SO 

SOtolSO 

ISOandup 

l7Separtamf«Flf3ilw9soFiM3(b,IM 

IS 

18  to  100 

I00to200 

200to600 

§3.  spacing  of  Trusses. — ^The  present  practice  is  not  to  put  requirements  for  spacing  of 
trusses,  lengths  of  span,  types  of  bridge,  etc.,  in  the  specifications  but  to  prepare  office  standards 
for  the  use  of  engineers  and  draftsmen.  Data  on  spacing  stringers,  girders  and  trusses  are  given 
in  Table  XIII.  The  spacings  for  Illinois  Central  R.  R.  (feck  girders  are  given  in  Figs,  ii,  12  and 
13,  and  of  Common  Standard  Bridges  in  Table  I. 

The  Chicago,  Milwaukee  and  St.  Paul  Ry.  spaces  girders  7  ft.  6  in.  west  of  the  Missouri 
River,  and  8  ft.  east  of  the  Missouri  River.  The  Northern  Pacific  R.  R.  spaces  stringers  8  ft. 
for  spans  of  150  to  200  ft.;  and  deck  girders  8  ft.  for  80  ft.  spans. 

55.  Ties. — ^The  present  practice  is  to  calculate  the  size  of  stringers  for  the  specified  fiber 
stress.  Fifteen  specifications  require  that  the  wheel  load  be  considered  as  carried  by  three  ties, 
and  one  specification  by  four  ties.     Data  on  ties  are  given  in  Table  XIV. 

The  Illinois  Central  R.  R.  uses  ties  on  deck  girders  as  follows: 


Deck  Spans. 

Distance  Centers. 

Ties. 

60  ft.  and  under 
60  ft.  to    80  ft. 
80  ft.  to  100  ft. 
100  ft.  to  1 10  ft. 

7  ft. 

8  ft. 

9?  ft! 

8  in.  X    8  in.  X  10  ft. 

8  in.  X  10  in.  X  12  ft. 
10  in.  X  10  in.  X  12  ft. 
10  in.  X  12  in.  X  12  ft. 

§6.  Dead  Loads. — Data  on  dead  lo^d^  ^^  given  in  Table  XV. 
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table  xiii. 
Spacing  of  Oiroers  and  Trusses 


Specif/cdtion 


l-Aaer/off  Ry  Eng-AssoC',    1910 


i'Bdffimore  &  Ohio 


1904 


t'aiago,Ml5l3ndSfk'l^'J^,l906 


T  Common  SfanJard,       1909 


8'  Cooper, 


1906 


9'  Illinois  Central 


1911 


Girders 


Stringers 


frf 


6^g 


/Atf 


7-'i) 


7-'0 


//iff 


frif 


6-'6 


4sfrinjers 
spseeJZ-'S 


Deck  Girders 


5p3n/iO 


I/-II 


not /ess  than  6-6 


up  to  60 Ft;  7^0' 

mtosm,s-'o' 


up  to  60  Ft;  ?r  lOOFfhllOFtJOV 
iOFttoSOFf;  S-'O'  llOFffol50Ft,IB'lf 
SO  Ft  tolOOFt;  lO'O"  liOFt-tolBOFf-^ 


frff 


not  less  than  6-6 


up  to  60 Ft',  7-0'' 
60'FttoSOFt;  810" 
SOFttolOOFt',  910" 
IOOFttollOFt,9l6'' 


Trusses 


Deck 


5pen/^0 


not  less  than  10^0" 


IOOFt'tollOFf',m 
IIOFt'tol50Fl'J^O 
l50Fttol50FlM 


Through 


Spiff/ZO 


Span/ZO 


Span/ZO 


ttKansQfy,Mexico&Orienl,  1907 


fAff 


7.'0 


up  to  SO  Ft;  7-0' 
oyer  SO  Ft;  8^0"^ 


Spsn/ZO 


llUhigh  Mey, 


1911 


frft 


6-'6 


up  to  7SFt;  e-'e' 

7SFttoW0Ff;7r 
mFfiali5Ft:7rf>Slf 


ISNen'  York  Centra/,      tSIO 


f/^ff 


•//-^ 


6^6 


up  to  75 Ft',  6-6^ 
over  75  Ff',  7-6" 


5pan/l5 


fj-if 


6^6] 


Id'PemaUnesiresfoFPiftskrghM  ^''J^"/^l^/f 


0(/tfrpa/t7'0, 
inner^iri'O' 


frff 


6'-6 


l7lkpirtK>fiF/!daystFC3m(U90i 


S-'O" 


f/^tf 


Single  Track,  8-0 
Pouble  Track,  6-6^ 


I0i)%r-^5pa/?' 


Spsn/ZO 


§7.  Live  Loads. — Data  for  live  loads  are  given  in  Table  XVI.  The  type  of  engine  is  given 
in  the  second  column  and  the  weight  in  thousands  of  pounds  of  a  single  engine  without  tender 
is  given  in  the  third  column;  the  special  loadings  and  the  spacing  of  the  loads  are  given  in  the 
fourth  and  fifth  columns;  the  impact  formulas  are  given  in  the  sixth  column;  the  allowable  tensile 
stresses  are  given  in  the  seventh  column,  and  the  equivalent  loading  is  given  in  the  last  column. 
The  equivalent  loading  is  found  by  multiplying  the  loading  in  the  second  column  by  16,000  and 
dividing  by  the  allowable  tensile  strength.  The  present  standard  loading  on  trunk  lines  is  Cooper's 
E  60  loading. 

The  C.  M.  &  St.  P.  Ry.  uses  E  60  followed  by  a  train  load  of  7,000  lb.  per  lineal  foot  of  track 
on  ore  roads;  while  the  Duluth  &  Iron  Range  R.  R.  uses  E  60  followed  by  a  train  load  of  8,000  lb. 
per  lineal  foot  of  track. 

In  a  paper  entitled  "Rolling  Loads  on  Bridges"  published  in  Bulletin  No.  161,  Am.  Ry. 
Eng.  Assoc.,  November  1913,  Mr.  J.  E.  Greiner,  Consulting  Engineer,  has  tabulated  the  live 
loads  of  ^9  railroads,  including  all  but  one  of  the  roads  in  Table  aVI.  Of  the  39  roads  thirteen 
are  building  bridges  equal  to  E  60;  four  equal  to  E  57;  seven  equal  to  E  55;  one  equal  to  E  53; 
ten  equal  to  E  50;  two  equal  to  E  47;  one  equal  to  E  45,  and  one  equal  to  E  65. 

Of  the  39  roads  considered  26  roads  use  the  impact  formula  of  the  Am.  Ry.  Eng.  Assoc.; 
and  24  roads  use  a  tensile  stress  of  16,000  lb.  per  sq.  in.    The  highest  tensile  stress  is  18,000  lb. 
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TABLE  XIV. 
Data  on  Ties  on  Bsidges. 


Minimum  Si«  und  SpadDg  of  Tk«. 

DataforDoiED.           | 

Sl«. 

Length. 

Maximum  ^adBI 

Fiber  Su™.  Lb. 
pa  Sq.  In. 

^^. 

10  ft. 
lift. 
9  ft. 
10  ft. 
10  ft. 

6  in. 

6  in. 
6  in. 
6  in. 

4  in. 

1,000 
1,400 
1,000 

1,000 

none 
none 

I.  A.T.  itSt.  F.  R.  R.. 

1.  B.&O.  R.R 

4.  B.&M.R.R 

8  in.  X  8  in. 
8  in.  X  8  in. 

6.  C.  R.  L&P.  R.  R... 

7.  Common  Standard... 

"S  in.' X  10  in. 

!,00O 

i,SOO 

2,000 

„.. 

Q.  Illinoi*  Central  R.  R. 

10.  K.  C.,M.4  0.  R.  R. 

11.  LV.R.R 

f6"  X  8"  flat 
J  Four  lines  ot 
1    stringers) 
8  in.  X  10  in. 

10  ft. 
10  ft. 

6  in. 

ij.  N.  Y.,  N.  H.  &H. 
R  R. 

10  ft. 

6.. 

a,ooo 

.00 

14.  Penna.  W.  of  Pitt»- 

4   m. 

1,000 
1,800 

100 

16.  Can.  Soc.  C.  E 

TABLE  XV. 
Data  on  Dead  Loads. 


Weight  In  Lb.                                                         1 

Timber. 

Ballast. 

Concrete. 

Ralls  and 

Toumdgto* 

z.  A.,  T.  &  S.  F.  R.  R 

3.  B.St  0.  R.R 

4.  B.&M.R.R 

5.  CM.StSt.  P.  Ry 

4* 

4 

Timber  Ballasted 
Deck  1,400 

130 

"SO 

ISO 

"JO 

ISO 

100 

Soo 
400  min. 

Creosotcd  5 

:^ 

9.  Illinois  Central  R.  R. .  . . 

•50 

100 

400 

IS 

II.  Lehigh  Valley  R.  R 

11.  N.  Y.  Central  R.  R 

13.  N.  Y..  N.  H.  &  H.  R.  R. 

14.  Penna.  W.  of  Pittsburgh 

15.  Nat.  L.  of  Mexico 

17.  Dept.  of  R.  R.  of  Canada 

4i 

150 
ISO 
ISO 

170 

ISO 
ISO 

1^ 

400 

4 
4 

100 

120 

per  SQ,  in.  and  the  lowest  is  15,000  lb.  per  sq.  in.  Of  the  39  roads  considered  all  except  one  use  a 
concentrated  system  of  engine  loadings;  one  road,  the  Pennsylvania  Lines  West  of  Pittsburgh, 
uses  a  uniform  load  of  5,500  lb.  per  lineal  foot  of  track  and  an  excess  load  of  66,000  lb.  on  one 
axle;  no  road  is  using  an  equivalent  uniform  load.  For  data  on  the  heaviest  locomotives  in  service 
and  the  relative  stresses  due  to  these  locomotives  compared  with  E  50  loading  see  Table  II. 

Mr.  Greiner's  conclusion  is  that  6  5°  ''""^K**  '^'"  **fely  carry  all  loads  that  can  be  carried 
without  increasing  the  present  vertjc  I  ^^^  horiiontal  clearances. 
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TABLE  XVI. 
Live  Loads  for  Railway  Bridges. 


Eagine.               Special  Loads. 

Impact. 

TensUe  Unit  Stress 
in  Lb. 

Equivalent 

Loading  in 

Terms  of 

Tensile 

Stress. 

Type. 

WHffht 

in  x.ooo 

Lb. 

Weight 

per 

Track. 

Two 

Loads. 

Lb. 

Spacing 

of  Two 

Loads. 

Ft. 

2.  A.,  T.  &  S.  F. 

3.  B.  &0.  R.R.... 

4.  B.  &  M.  R.  R. . . 

5.  C.  M.  &  St.  P. 

Ry 

Consol. 
£50 
E60 

JEss^ 
\E6o» 

Ess 
Ess 
Ess 

E45 

E60 
E60 

E60 

Excess* 
E60 

291.0 
22S.0 
270.0 

247.5 
270.0 

H7'S 

247.5 

247.5 
202.5 

270.0 
270.0 

270.0 

Cooper 

A*  In..  mL*  a. 

« 

(C 

« 

Launhardt 
LL 

E60 

Eso 

E60 

/Ess* 
lE6o^ 

Ess 

Ess' 

Ess* 
E40 

E60 
ES3 

E60 

E65 
Ess 

60,000 
65,000 

68,750 
75,000 

68,750 

7 
7 

7 

16,000 
16,000 

16,000 

16,000 
ft         /     ,    min.  \ 
«'5~  ('  +  max.) 

16,000 

18,000 

16,000 
18,000 

16,000 

7'«»  ('  +  max.) 

6.  C.  R.  I.  &  P. 
R.  R 

7.  Common 

Standard 

9.  Illinois  Central 

R.  R 

10.  K.  C,  M.  &  0. 

R.  R 

56,250 

75,000 
72,000 

65,000 

7 

7h 

7 

6 

LL  +  DL 
A.  R.  E.  A. 

(C 
C( 

« 

Launhardt 
Cooper 

II.  Lehigh  Valley 
R.  R 

12.  N.  Y.  Central... 

13.  N.  Y.,  N.  H.  & 

xl.  K.  K.  ..... 

14.  Penna.  W.  of 

Pittsburgh 

15.  Nat.  L.  of  Mex.. 

270.0 

75,000 

5 

1.  C.  M.  &  St.  P.  Ry.  uses  E  55  east  of  the  Missouri  River  and  E  60  west. 

2.  A  uniform  train  load  of  7,000  lb.  per  lin.  ft.  on  ore  roads. 

3.  A  uniform  train  load  of  5,000  lb.  per  lin.  ft. 

4.  A  uniform  train  load  of  6,000  lb.  per  lin.  ft. 

5.  Train  load  of  5,500  lb.  per  lin.  ft.  and  excess  load  of  66,000  lb. 

(9.  ImpftCt. — Ten  of  the  sixteen  specifications  use  the  impact  coefficient  as  given  in  section  9, 
/  =•  30o/(L  +  300).  Three  specifications  follow  Cooper's  method  of  using  dead  load  unit  stresses 
equal  to  twice  the  live  load  unit  stresses,  with  different  stresses  for  different  members.     Two 

(min.  stress  \ 
I  H '—r I  where  P  —  allowable  unit 
max.  stress  / 

stress,  and  5  »  allowable  unit  stress  for  live  load  alone.    One  specification  uses  the  impact 

,        .     J     Live  Load  Stress 

Live  Load  Stress  -+•  Dead  Load  Stress 

In  the  paper  referred  to  in  section  7,  Mr.  Greiner  found  that  26  roads  used  the  A.  R.  E.  A. 
formula  for  mipact. 

Jio  &  II.  Wind  Loads. — ^The  wind  loads  eiven  in  the  different  specifications  are  variable 
and  space  will  not  permit  goine  into  detail.  Most  of  the  specifications  require  that  the  moving 
wind  load  on  the  loaded  chord  be  considered  as  applied  at  6  or  7  ft.  above  the  top  of  the  rail. 

Si 3.  Centrifugal  Force. — Five  of  the  sixteen  specifications  have  the  same  requirement  as  in 
•ectioa  13.  The  centrifugal  force  of  a  body  moving  in  a  circular  path  is  C  —  W'V^I^2*2R, 
where  W  «  weight  of  live  load  per  lineal  foot;  V  =»  velocity  of  train  in  feet  per  second,  and 
R  =  radius  of  curve  in  feet.  For  a  speed  of  60— 2^/?,  C  =  0.039 W^  for  a  i  degree  curve;  C  = 
0.071  IF  for  a  2  degree  curve;  C  —  o.ii7W^  for  a  4  degree  curve,  and  C  =  0.143 PT  for  a  10  degree 
curve.  Five  speafications  require  that  the  centrifugal  force  be  applied  at  5  to  7 i  feet  above  the 
rail.  Two  specifications  take  the  centrifugal  force  as  C  =  o.o^W-D,  where  W  =  equivalent 
weight  of  live  load  per  lineal  foot,  and  D  =  degree  of  curve;  one  takes  C  «  o.oiW'D^  and  two 
take  C  «  O.OA^W'D,  The  K.  C.  M.  &  O.  R.  R.  takes  C  =  W- V«/32-2i?,  where  W  =  equiva- 
lent weight  of  live  load  per  lineal  foot,  V  »  velocity  of  train  in  feet  per  second  (calculated  tor  50 
miles  per  hour),  and  R  —  radius  of  curve  in  feet.    This  gives  C  —  o,02gW*D, 
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^14.  Unit  Stresses. — For  a  comparison  of  the  tensile  unit  stresses  see  Table  XVI. 

)22.  Alternate  Stresses. — ^Four  of  the  sixteen  specifications  use  the  same  specification  as  in 
section  22.  Six  specifications  use  Cooper's  specification.  "All  members  and  their  connections 
shall  be  designed  to  resist  each  kind  of  stress.  Both  of  the  stresses  shall,  however,  be  considered 
as  increased  by  0.8  of  the  least  of  the  two  stresses.'*  One  specification  increases  each  stress  by 
0.60  of  the  lesser  stress,  one  by  0.70,  and  two  by  0.75.     One  specification  uses  Weyrauch's  formula, 

P  =  5  (  I ■ I  ,  where   P  =  allowable  unit  stress  for  alternate  stresses,  and  S 

\         2  max.  stress  / 

a  allowable  unit  stress  for  live  loads  alone. 

§26.  Net  Sections. — ^Section  26  is  standard.  In  addition  the  method  of  calculating  the 
net  area  of  a  riveted  tension  member  is  given  in  several  specifications. 

Cooper  requires  that  "The  rupture  of  a  riveted  tension  member  is  to  be  considered  as  equally 
probable,  either  through  a  transverse  line  of  rivet  holes  or  through  a  zigzag  line  of  rivet  holes,  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  a  transverse  line."^ 

The  Baltimore  &  Ohio  R.  R.  requires  that  "The  greatest  number  of  rivet  holes  that  can  be 
cut  by  a  transverse  plane,  or  come  within  one  inch  of  the  plane  is  to  be  deducted  in  calculating 
the  net  section." 

The  New  York  Central  Lines  reauire  that  "  The  net  section  of  riveted  members  shall  be  the 
least  area  which  can  be  obtained  by  deducting  from  the  gross  sectional  area  the  areas  of  holes  cut 
by  any  plane  perpendicular  to  the  axis  of  the  member  and  parts  of  the  areas  of  other  holes  on  one 
side  of  the  plane,  within  a  distance  of  4  inches,  and  which  are  on  other  gage  lines  than  those  of  the 
holes  cut  by  the  plane,  the  parts  being  determined  by  the  formula:  A(i  -^  p/4),  in  which  A  s  the 
area  of  the  hole,  and  p  »  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane." 

The  Canadian  Society  of  Civil  Engineers  requires  "There  shall  be  deducted  from  each  member 
as  many  rivets  as  there  are  gage  lines,  unless  the  distance  center  to  center  of  rivets  measured  in 
the  diagonal  direction  is  40  per  cent  greater  than  their  distance  center  to  center  of  gage  lines." 

§29.  Plate  Girders. — Seven  of  the  sixteen  specifications  require  that  plate  girders  be  pro- 
portioned either  by  the  moment  of  inertia  of  their  net  section;  or  by  assuming  that  the  flanges 
are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth  of  the  gross  section  of  the 
web,  if  properly  spliced,  may  be  used  as  flange  section.  Six  specifications  require  that  the  bending 
moment  all  be  taken  by  the  flanges.  Two  specifications  require  that  the  bending  moment  be 
taken  by  the  flanges  and  that  one-eighth  of  the  gross  section  of  the  web  be  taken  as  flange  area. 
One  specification  requires  that  plate  girders  with  stiflFeners  be  designed  on  the  assumption  that 
the  flanges  take  all  the  bending  moment,  and  that  for  plate  girders  without  stifleners  one-eighth  of 
the  web  may  be  considered  as  flange  area. 

§30.  Compression  Flanges. — Two  specifications  require  that  the  flange  angles  shall  contain 
at  least  one-half  of  the  area  of  the  flange.  The  specifications  uniformly  require  that  the  com- 
pression flange  shall  have  the  same  gross  area  as  the  tension  flange. 

§36.  Counters. — Eight  specifications  require  that  counters  be  stiff  members.  Eight  speci- 
fications permit  adjustable  counters  and  laterals. 

§45.  Minimum  Angles. — Five  specifications  give  3i"  X  3"  X  I"  as  the  minimum  angle. 
Two  specifications  give  3"  X  2J"  X  f "  as  the  minimum  anc^le.  One  specification  requires  that 
the  vertical  leg  be  not  less  than  3i".  One  specification  requires  that  connection  angles  for  stringers 
and  floorbeams  be  not  less  than  4"  X  4"  X  f";  one  specification  3J"  X  3i"  X  J",  and  one 
specification  6"  X  4"  X  I". 

§59.  Expansion. — Six  specifications  require  that  provision  be  made  for  an  expansion  of  |  in. 
for  each  10  ft.  of  span.  Five  specifications  require  that  provision  be  made  for  a  range  in  tempera- 
ture of  150  degrees  F.;  one  for  180  degrees  F.  Three  specifications  require  that  provision  be 
made  for  an  expansion  of  i  in.  in  100  ft.;  one  for  an  expansion  of  i  in.  in  70  ft. 

§62.  Rollers. — Six  sptecifications  require  that  rollers  be  at  least  6  in.  in  diameter.  Five 
specifications  permit  rollers  4  in.  in  diameter.  One  specification  permits  rollers  3  in.  in  diameter. 
Cooper  requires  that  rollers  for  spans  up  to  100  ft.  be  4I  in.,  and  that  the  diameter  be  increased 
I  in.  for  each  10  ft.  increase  in  span  over  100  ft.  The  New  York  Central  R.  R.  requires  that  rollers 
shall  not  have  a  less  diameter  in  inches  than  3  -|-  0.03  (span  in  feet). 

§68.  Stringer  Connection  Angles. — One  specification  requires  that  connection  angles  of 
stringers  and  floorbeams  be  not  less  than  4"  X  4"  X  i";  one  specification  3i"  X  3J"  X  i", 
and  one  specification  6"  X  4"  X  f ". 

§77.  Camber  of  Plate  Girders. — Four  specifications  reauire  that  plate  girders  more  than 
50  ft.  long  be  cambered  A  in.  per  10  ft.  of  length.  Two  specifications  require  full  camber.  Two 
specifications  require  a  camber  of  rAiv  ^^^  span.  Two  specifications  require  a  camber  of  tAt  the 
span.  One  specification  requires  a  camber  of  |  in.  per  10  ft.  of  length,  one  specification  requires 
a  camber  of  A  in.  per  15  ft.  of  length.  Four  specifications  do  not  require  that  plate  girders  be 
cambered. 
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§79.  Web  Stiffeners. — ^Seven  specifications  have  the  same  specification  as  given  in  section  79* 
Two  specifications  require  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder.  The  Baltimore 
&  Ohio  R.  R.  requires  that  stiffeners  be  spaced  not  to  exceed  depth  of  girder  or  6  ft.,  and  that  for 
webs  up  to  6  ft.  6  in.,  stiffeners  shall  be  3i''  X  3i"  X  f"  angles;  for  webs  from  7  ft.  to  7  ft.  6  in., 
stiffeners  shall  be  5"  X  3J"  X  I"  angles;  for  webs  8  ft.  and  over,  stiffeners  shall  be  6"  X  4"  X  |" 
angles.  The  New  York  Central  Lines  require  that  stiffeners  be  spaced  not  to  exceed  depth  of 
girder  or  §  ft.  6  in.;  near  ends  of  girders  the  spacing  shall  not  exceed  one-half  the  depth  of  girder 
or  3  ft.  6  in. 

The  New  York  Central  Lines  require  that  stiffeners  shall  have  an  outstanding  leg  not  less 
than  2  inches  plus  ^  the  depth  of  the  girder. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  requires  that  stiffeners  bearing  against  6"  X  6" 
aange  angles  shall  be  5"  X  3*"  X  |";  and  against  8"  X  8"  flange  angles  shall  be  6"  X  3i"  X  f". 

(81.  Camber  of  Trusses. — ^Six  specifications  require  full  camber  as  stated  in  section  81.  Six 
specifications  require  that  the  upper  chords  be  increased  i  in.  for  each  10  ft.  One  specification 
requires  that  the  upper  chord  be  increased  1  in.  for  each  15  ft.  Two  specifications  reauire  that 
trusses  be  cambered  itW  ^^^  span.  One  specification  requires  that  trusses  be  cambered  y^  the 
span. 

{82.  Rigid  Members. — ^All  specifications  require  that  hip  verticals  and  the  two  end  panels 
of  bottom  chords  (two  at  each  end)  be  stiff  members.  The  Common  Standard  specifications 
(Harriman  Lines)  require  that  the  bottom  chords  of  bridges  of  less  than  150  ft.  span  be  stiff 
members.  The  Illinois  Central  R.  R.  recjuires  that  bridges  with  6  panels  or  less  shall  have  stiff 
lower  chords.  The  New  York  Central  Lines  limit  the  specification  for  rigid  members  to  spans 
less  than  300  ft. 

§83.  fiye-bars. — Nine  specifications  permit  bars  to  be  out  of  line  i  in.  in  16  ft.  as  in  section  83. 
One  specification  permits  bars  to  be  out  of  line  i  in.  in  8  ft. 

Miscellaneous. — ^The  following  specifications  are  of  interest. 

loitiai  Stress. — Four  of  the  sixteen  specifications  require  that  diagonals  and  struts  be  designed 
for  an  initial  stress  of  10,000  lb.  in  each  diagonal. 

Collisioii  Strut. — ^Two  of  the  sixteen  specifications  require  collision  struts. 

Fastening  Angles. — Two  specifications  require  that  angles  must  be  fastened  by  both  legs. 
Three  specifications  require  that  angles  be  fastened  by  both  legs  or  only  one  leg  will  be  considered 
effective.  One  specification  requires  that  75  per  cent  of  the  net  area  be  considered  effective  where 
angles  are  fastened  by  one  leg,  and  90  per  cent  of  the  net  area  be  considered  effective  where  angles 
are  fastened  by  both  l^s. 

Calculati]^  Dead  Load  Stresses. — One  specification  requires  that  all  the  dead  load  be  con- 
sidered as  coming  on  the  loaded  chord.  Two  specifications  require  that  three-fourths  of  the  dead 
load  be  considered  as  coming  on  the  loaded  chord  and  one-fourth  on  the  unloaded  chord.  Two 
specifications  require  that  two-thirds  of  the  dead  load  be  considered  as  coming  on  the  loaded  chord 
and  one-third  on  the  unloaded  chord.  Two  specifications  require  that  the  floor  load  shall  be 
assumed  as  taken  by  the  loaded  chord,  and  the  remainder  of  the  dead  load  to  be  divided  equallv 
between  the  chords.     The  other  specifications  do  not  state  where  the  dead  load  shall  be  applied. 

Minimum  Bar. — ^Three  specifications  require  that  the  minimum  bar  shall  have  not  less  than 
3  sq.  in.  cross  section.  One  specification  permits  a  minimum  bar  i  \  in.  square.  One  specification 
requires  that  an  increase  of  80  per  cent  in  the  live  load  shall  not  increase  the  stress  in  the  counters 
more  than  80  per  cent.    One  specification  has  a  similar  clause  with  ^o  per  cent  variation. 

Paint. — ^The  shop  coat  of  paint  as  required  by  several  specifications  is  as  follows: 

The  New  York  Central  Lines  use  red  lead  paint  mixed  by  the  following  formula: — 100  lb. 
pure  red  lead;  4  gallons  pure  open-kettle-boilea  linseed  oil;  and  not  to  exceed  one-half  pint  of 
turpentine-japan  drier. 

The  Boston  &  Maine  R.  R.  and  the  New  York,  New  Haven  &  Hartford  R.  R.  use  red  lead 
paint  made  by  mixing  32  lb.  of  red  lead  to  one  gallon  of  linseed  oil. 

The  A.  T.  &  S.  F.  Ry.  gives  steel  work  a  shop  coat  of  linseed  oil;  while  the  C.  R.  I.  &  P. 
R.  R.  uses  linseed  oil  with  10  per  cent  of  lamp  black. 

The  Illinois  Central  R.  R.  uses  red  lead  paint  for  a  shop  coat. 

The  Pennsylvania  Lines  West  of  Pittsburgh  use  a  shop  coat  of  pure  linseed  oil. 

The  Common  Standard  specifications  require  a  shop  coat  of  red  lead. 
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American  Railway  Engineering  Association. 
Fourth  Edition. 

STANDARD  SPECIFICATIONS. 

PART  FIRST— DESIGN. 


I.    GENERAL. 

1.  Bfaterials. — ^The  material  in  the  superstructure  shall  be  structural  steel,  except  rivets, 
and  as  may  be  otherwise  specified. 

2.  Clearances. — When  alinement  is  on  tangent,  clearances  shall  not  be  less  than  shown  on 
the  diagram;  the  height  of  rail  shall,  in  all  cases,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  clearances  on  curves  for  a  car  80  ft.  lone,  14  ft.  high,  and  60  ft. 
center  to  center  of  trucks,  allowance  being  made  for  curvature  and  superelevation  of  rails. 

3.  Spacing  Trusses. — ^The  width  center  to  center  of  girders  and  trusses 

shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than  ^^ 

is  necessary  to  prevent  overturning  under  the  assumed  lateral  loadings  ^^ 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of     ^  j^ S. | — - 

skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted     -^l     /      \       \ 
floor  is  us^.  ^) 

5.  Floors. — Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall 
be  proportioned  to  carry  the  maximum  wheel  load,  with  100  per  cent  impact, 
distributed  over  three  ties,  with  fiber  stress  not  to  exceed  2,000  lb.  per  sq.  in. 
Ties  shall  not  be  less  than  10  ft.  in  length.  They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 

II.    LOADS.  ^  J       . 

6.  Dead  Load. — ^The  dead  load  shall  consist  of  the  estimated  weight  of  ^i...\i j x 

the  entire  suspended  structure.     Timber  shall  be  assumed  to  weigh  4}  lb.  per  j-    of\Pai/ 

ft.  B.  M.;  ballast  100  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  per  cu.  ft.,  °  or^ati 

and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

t7.  Live  Load. — The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  load,  according  to  Cooper's  series,  or  a  system  of  loading  giving  practically  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  as 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

fs.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 
same  spacing. 

9.  Impact — ^The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

100 
live  load  strains  and  shall  be  determined  by  the  formula  /  =  5  -z-^, , 

1^  +  300 
where  /  =  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 
S  =  computed  maximum  live-load  strain. 

L  =  loaded  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.     For 
bridges  carrying  more  than  one  track,  the  aggregate  length  of  all  tracks  producing 
the  strain  shall  oe  used. 
Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

10.  Lateral  Forces. — All  spans  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  of 
200  lb.  per  linear  foot  plus  10  per  cent  of  the  specified  train  load  on  one  track,  and  200  lb.  per 
linear  foot  on  the  unloaded  chord;  these  forces  being  considered  as  moving. 

^  Adopted  by  the  American  Railway  Engineering  Association. 
t  See  Addendum,  clause  (a). 
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12.  haaBtmMmtA  Fteoe. — ^Viaduct  tcnrers  and  simiUr  uructuics  shjiQ  be  deis^giwd  for  a 
Force  oC  20  per  ceat  oC  die  five  load  applied  at  the  top  of  the  rail. 

13.  Slrucxufes  located  oa  corves  dtaD  be  deagned  for  the  centrifugal  force  of  the  H>'t  kiftd 
appbed  at  the  top  oC  the  high  raiL  The  oentrifogal  force  shan  be  considered  a$  live  load  and  be 
derived  from  the  speed  in  miles  per  hour  given  by  the  expression  60  —  ^iP,  whcf«  '*P**  «  degree 
of  curve. 

IlL    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 


14.  That  Otrcawi. — All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  maxi- 
mom  aticwts  produced  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  paiagiaphs  22  to  25: 

15.  Tfmaon — ^Axial  tension  on  net  section i6«ooo 

16.  Cooiprenion. — ^Axial  compression  on  gross  section  of  columns i6>ooo  ~  70  ~ 

with  a  maximnm  of 14.000 

where  **/**  b  the  length  of  the  member  in  inches,  and  *V**  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings l6»ooo 

17.  Bending. — Bending:  on  extreme  fibers  of  reeled  shapes,  built  sections, 

girders  and  steel  castings;  net  section 16,000 

on  extreme  fibers  of  (nns 24,000 

18.  Shearing. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

19.^  Bearing. — -Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

expansion  rollers;  per  linear  inch 6ood 

where  *'d"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

20.  Timfting  Length  of  Members. — ^The  lengths  of  main  compression  members  shall  not 
exceed  100  times  their  least  radius  of  gyration,  and  those  for  wind  and  sway  bracing  120  tin\cs 
their  least  radius  of  gyration. 

21.  The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  ntn 
exceed  200  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

22.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  |MT>pordoned  for  the  stresses  giving  the  lar^t  section.  If  the  alternate  stresses  oci'ur 
in  succession  during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increaseii  by 
50  per  cent  of  the  smaller.    The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 


23.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stresses  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

24.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  pro- 
portioned so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

25.  For  stresses  produced  by  longitudinal  and  lateral  or  wind  forces  combined  with  thofn* 
from  hve  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  increased  25  per  cent  over 

15 
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those  given  above;  but  the  section  shall  not  be  less  than  required  for  live  and  dead  loads  and 
centrifugal  force. 

26.  Net  Section  at  Rivets. — In  proportioning  tension  members  the  diameter  of  the  rivet  holes 
shall  be  taken  ^-in.  larger  than  the  nominal  diameter  of  the  rivet. 

27.  Rivets. — In  proportioninp^  rivets  the  nominal  diameter  of  the  rivet  shall  be  used. 

28.  Net  Section  at  Pins. — Pm-connected  riveted  tension  members  shall  have  a  net  section 
through  the  pin-hole  at  least  25  per  cent  in  excess  of  the  net  section  of  the  body  of  the  member, 
and  the  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  than 
the  net  section  of  the  body  of  the  member. 

29.  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of  inertia  of 
their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of  gravity; 
in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used  as  flange 
section.  The  thickness  of  web  plates  shall  be  not  less  than  yiir  of  the  unsupported  distance 
between  flange  angles  (see  38). 

30.  Compression  Flange. — ^The  gross  section  of  the  compression  flanges  of  plate  girders  shall 

not  be  less  than  the  gross  section  of  the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  in  the 

/ 
compression  flange  of  any  beam  or  girder  exceed  16,000  —  200  -r ,  when  flange  consists  of  angles 

only  or  if  cover  consists  of  flat  plates,  or  16,000  —  150  Tt  if  cover  consists  of  a  channel  section, 

where  /  =  unsupported  distance  and  b  =  width  of  flange. 

31.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three 
ties. 

32.  Depth  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
than  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall 
be  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios 
had  not  been  exceeded. 

IV.    DETAILS  OF  DESIGN. 

GENERAL  REQUIREMENTS. 

33.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for 
inspection,  cleaning  and  painting. 

34.  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be 
filled  with  waterproof  material. 

35.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersectii^  main  niembers 
of  trusses  shall  meet  at  a  common  point. 

36.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  turn- 
buckles. 

37.  Strength  of  Connections. — ^Thc  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjected  being  considered. 

38.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  |-in.,  except  for 
fillers. 

39.  Pitch  of  Rivets. — ^The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for*  f-in.  rivets  and 
2}  in.  for  }-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  be  6  in.  for  {-in.  rivets  and  5  in.  for  f-in.  rivets.  For  angles  with  two  gage  lines 
and  rivets  staggered  the  maximum  shall  be  twice  the  above  in  each  line.  Where  two  or  more 
plates  are  used  in  contact,  rivets  not  more  than  12  in.  apart  in  either  direction  shall  be  used  to 
hold  the  plates  well  together.  In  tension  members,  composed  of  two  angles  in  contact,  a  pitch 
of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

40.  Edge  Distance. — ^The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i  J  in.  for  }-in.  rivets  and  I J  in.  for  }-in.  rivets,  and  to  a  rolled  edge  ij  in.  and  if  in., 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 
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41.  MaTJimiin  Diameter. — ^The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  cuiven.  In  minor  parts  {-in. 
rivets  may  be  used  in  3-in.  angles,  and  }>in.  rivets  in  2|-in.  angles. 

42.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  incr^ised  in  number  at  least  one  per  cent  for  each  additional  A-in.  of  grip. 

43.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

44.  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

4^.  Minimnm  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall  have 
a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

46.  Tie-Plates. — The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
shall  have  tie-plates  as  near  each  end  as  practicable.  Tie-plates  shall  be  provided  at  intermediate 
points  where  the  lattice  is  interrupted.  In  main  members  the  end  tie-plates  shall  have  a  length 
not  less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges,  and  inter- 
mediate ones  not  less  than  one-half  this  distance.  Their  thickness  shall  not  be  less  than  one- 
fiftieth  of  the  same  distance. 

47.  Lattice. — ^The  latticing  of  compression  members  shall  be  proportioned  to  resist  the 
shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 

column  formula  in  paragraph  16  by  the  term  70  -  .     The  minimum  width  of  lattice  bars  shall  be 

2}  in.  for  {-in.  rivets,  2}  in.  for  }-in.  rivets,  and  2  in.  if  f-in.  rivets  are  used.  The  thickness  shall 
not  be  less  than  one-fortieth  of  the  distance  between  end  rivets  for  single  lattice,  and  one-sixtieth 
for  double  lattice.     Shapes  of  equivalent  strength  may  be  used. 

48.  Three-fourths-inch  rivets  shall  be  used  for  latticing  flanges  less  than  2}  in.  wide,  and 
}-tn.  for  flanges  from  2}  to  3}  in.  wide;  )-in.  rivets  shall  be  used  in  flanges  3}  in.  and  over,  and 
lattice  bars  with  at  least  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

49.  The  inclination  of  lattice  bars  with  the  axis  of  the  member  shall  be  not  less  than  ^5  degrees, 
and  when  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15  in.,  if  single  nvet  bar  is 
used,  the  lattice  shall  be  double  and  riveted  at  the  intersection. 

50.  Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  included  between  their 
connections  shall  be  as  strong  as  the  member  as  a  whole. 

51.  Faced  Joints. — ^Abutting  joints  in  compression  members  when  faced  for  bearing  shall  be 
spliced  on  four  sides  sufliciently  to  hold  the  connecting  members  accurately  in  place.  All  other 
joints  in  riveted  work,  whether  in  tension  or  compression,  shall  be  fully  spliced. 

52.  Pin  Plates. — Pin-holes  shall  be  reinforced  by  plates  where  necessary,  and  at  least  one 
plate  shall  be  as  wide  as  the  flanges  will  allow  and  be  on  the  same  side  as  the  angles.  They  shall 
contain  sufficient  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  fufi  cross-section  of 
the  member. 

5^.  Forked  Ends. — Forked  ends  on  compression  members  will  be  permitted  only  where 
unavoidable;  where  used,  a  sufficient  number  of  pin  plates  shall  be  provided  to  make  the  jaws  of 
twice  the  sectional  area  of  the  member.  At  least  one  of  these  plates  shall  extend  to  the  far  edge 
of  the  farthest  tie-plate,  and  the  balance  to  the  far  edge  of  the  nearest  tie-plate,  but  not  less  than 
6  in.  beyond  the  near  edge  of  the  farthest  plate. 

54.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected 
upon  the  turned  body  of  the  pin.  They  shall  be  secured  by  chambered  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

55.  Members  packed  on  pins  shall  be  held  against  lateral  movement. 

56.  Bolts. — ^Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to^extend  through  the  metal.  A  washer  at  least  J-in.  thick  shall  be  used  under  the 
nut.  Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.  Heads  and  nuts 
shall  be  hexagonal. 

57.  Indin^  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

58.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

59.  Expansion. — Provision  for  expansion  to  the  extent  of  J-in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point. 
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60.  Bxpuision  BMiings. — Spans  of  So  ft.  and  over  resting  on  maaonrY  shall  have  turned 

rollers  or  rockers  at  one  end ;  and  those  of  less  lei^h  shall  be  arranged  to  slide  on  smooth  surfaces. 
These  expansion  bearings  shall  be  designed  to  permit  motion  in  one  direction  only. 

6i.  fixed  Bearings.' — Fixed  bearings  shall  be  firmly  anchored  to  the  masonry. 

63.  Rollers. — 'Expansion  rollers  shall  be  not  less  than  6  in.  in  diameter.  They  shall  be 
coupled  together  with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be 
readily  cleaned.     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

63.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribute 
the  load  uniformly  over  the  entire  bearing.     They  shall  be  secured  against  displacement. 

65.  Anchorage. — Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift. 

66.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 


67.  Floorbesms. — Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders.  They 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  top  of  deck  bridges. 

68.  Stringers. — Stringers  shall  preferably  beriveted  to  tlie  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  t-in,  in  thickness.  Shelf  angles  or  other  supports 
provided  to  support  the  stringer  during  erection  shall  not  be  considered  as  carrying  any  of  the 


69.  Stringer  Frames. — Where  end  floorbeams  cannot  be  used,  stringers  resting  on  masonry 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  shoes 
where  practicable. 


70.  Rigid  Bracing. — Lateral,  longitudinal  and  transverse  bracing  in  all  structures  shall  be 
composed  of  rigid  members. 

71.  Portals. — Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
end  posts  and  top  chords.    They  shall  be  as  deep  as  the  clearance  will  allow. 

72.  Transverse  Bradng. — Intermediate  transverse  frames  shall  be  used  at  each  panel  of 
through  spans  having  vertical  truss  members  where  the  clearance  will  permit. 

73.  End  Bracine.^Dcck  spans  shall  have  transverse  bracing  at  each  end  proportioned  to 
carry  the  lateral  load  to  the  support. 

74.  Laterals. — The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  3)  by  3  by  J-in. 
Not  less  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  be  far  enough  below  the  flange  to  clear  the  ties. 

76.  Tower  Struts. — The  struts  at  the  foot  of  viaduct  towers  shall  be  strong  enough  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 

PLATE   GIRDEBS. 

77.  Camber. — It  desired,  plate  girder  spans  over  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  jV-in.  per  10  ft.  of  length. 

78.  Top  Flange  Cover. — where  flange  plates  are  used,  one  cover  plate  of  top  flange  shall 
extend  the  whole  length  of  the  girder. 

79.  Web  Stifieners. — There  shall  be  web  stifleners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  Vs  of  the 
unsupported  distance  between  flange  angles.  The  distance  between  stifleners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
dear  depth  of  the  web): 


Where  d  =  clear  distance,  between  stiffeners  of  flange  angles. 
I  =  thickness  of  web. 
I  =  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  16,  thccfl^ectivc  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.     Intermediate  stiffeners  may  be 
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offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder  plus  2  in. 

80.  Stays  for  Top  Flanges. — ^Through  plate  girders  shall  have  their  top  flanges  stayed  at 
each  end  of  every  floorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  gusset  plates. 

TRUSSES. 

81.  Camber. — ^Truss  spans  shall  be  given  a  camber  by  so  proportioning  the  length  of  the 
members  that  the  stringers  will  be  straight  when  the  bridge  is  fully  loaded. 

82.  Rigid  Membm. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid. 

83.  Eye-bars. — ^The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

84.  Ponv  Trusses. — Pony  trusses  shall  be  riveted  structures,  with  double  webbed  chords,  and 
shall  have  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECOND— MATERIALS  AND  WORKMANSHIP. 


V.    MATERIAL. 

85.  Steel. — Steel  shall  be  made  by  the  open-hearth  process. 

86.  Properties. — The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Elements  Couidered.                    Structural  Steel. 

Rivet  Steel. 

Steel  Caatinsa. 

Tj,        ,                        /Basic.  . 
Phosphorus,  max..  •<  *   . j 

Sulohur.  maximum 

0.04  per  cent 
0,06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.04  per  cent 
0.04  per  cent 

0.05  per  cent 
0.08  per  cent 
0.05  per  cent 

Ultimate  tensile  strength. 
Pounds  per  square  inch 

Ek>ng.,  min.  %,  in  8",  Fig.  1 1 

Elong.,  min.  %,  in  2",  Fig.  2. . 

Character  of  Fracture 

Cold  Bends  without  Fracture. 

Desired. 
60,000 
1,500,000* 

Desired. 
50,000 
1,500,000 

Not  less  than 
65,000 

15  per  cent 
f  Sillcy  or  fine 
\     granular 

90°  </  =  3^ 

Ult.  tensile  strength 

22 

Silky 

l8o*»  flatt 

Ult.  tensile  strength 

Silky 
iSo**  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

87.  In  order  that  the  ultimate  strength  of  full-sized  annealed  eye-bars  may  meet  the 
requirements  of  paragraph  163,  the  ultimate  strength  in  test  specimens  may  be  determined  by 
the  manufacturers;  all  other  tests  than  those  for  ultimate  strength  shall  conform  to  the  above 
requirements. 

88.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that 
desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 
of  the  desired  ultimate. 

89.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the 
time  of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
permitted. 

90.  Specimens. — Plate,  shape  and  bar  specimens  for  tensile  and  bending  tests  shall  be  made 
by  cutting  coupons  from  the  fimshed  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  i ;  or  with  both  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  }-in.  for  a  length  of  at  least  9  in.,  with  enlarged  ends. 

91.  Rivet  rods  shall  be  tested  as  rolled. 

*  See  paragraph  96.        t  See  paragraphs  97,  98,  and  99.        t  See  paragraph  100. 
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92.  Pin  and  roller  specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bsir.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
one  inch  by  )-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  of 
the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  sink  head,  so  used,  shall  be  annealed  with  the  casting  before  it  is  cut  oflF.  Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 


l2*!siV 


y 
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U'^  I      Notic»t)Mn9"    .; 
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Fig.  I 


Pig.  2. 


94.  Specimens  of  Rolled  Steel. — Rolled  steel  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolls. 

95.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  {-in.  and  more  in  thickness  is  rolled  from  one  melt, 
■a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

96.  Modificatioii  in  Elongation.— ;-A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  i-in.  in  thickness  above  J-in. 

97.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
•and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Bfaterial. — Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar,  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — ^Angles  }-in.  and  less  in  thickness  shall  open  flat,  and  angles  }-in.  and 
less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This 
test  shall  be  made  only  when  required  by  the  inspector. 

100.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  shall  ^ve  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  shall  have  rolled  edges. 

102.  Melt  Numbers. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  end.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marks 
on  an  attached  metal  tag. 

103.  Defective  MateriaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 
his  own  cost. 

104.  Variation  in  Weight. — A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  than  2i  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  arc  to  apply 
to  single  plates,  when  ordered  to  weight : 

105.  Plates  12 J  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2J  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 
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106.  Plate*  under  la}  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  3^  per  cent  above  or  below. 

!b)  Seventy-five  iocbes  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below, 
c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent  below. 

107.  Plates  when  ordered  to  gage  will  be  accepted  if  they  measure  not  more  than  o.oi  in. 
below  the  ordered  thickness. 

loS.  An  excess  over  the  nominal  weight,  corre«pondit^  to  the  dimenrions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cu.  in.  of  rolled 
Eteel  beii^  assumed  to  weigh  0.3833  'ti-: 


Onlend. 

WdihU. 

WdUi  of  Piatt.                                                 1 

Up  to  M". 

7S"jndupto      1     ioo"™i_ui.U. 

Over  IIS", 

i  -inch 
Over  f     " 

10.10  lb. 
l*-7S   " 
15-30    ' 
i7.es   " 
ao.40 
22.9s   " 
35.50 

10  per  cent 

..,==„„ 

13   " 
10 

61      ■' 

i 

17  percent 

13    ;; 

9 

flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbitration 
Bar"  of  the  American  Society  for  Testing  Materials,  which  ie  a  round  bar  ij  in.  in  diameter  and 
15  in.  long,  TTie  transverse  test  shall  be  made  on  a  supported  leneth  of  I3  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  deflection  of  at  least  1*9  in.  before 
rupture. 

no.  Wrondit-InHi. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  speciinens  of  the  form  of  Fig.  i,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate 
streiq^th  of  at  l^t  50,000  lb.  per  sq.  in.,  an  elongation  of  at  least  iB  percent  in  8  in.,  with  fracture 
wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber,  through  i^s  degrees,  without  sign  of 
Iracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
When  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

VI.     INSPECTION  AND  TESTING  AT  THE  MILLS. 

Itl.  Min  Oidera. — The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  be  rolled  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  so  that  he  may  arrange  for  the  inspection. 

113.  FadUtleB  for  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspectinc 
ind  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

113.  Acceta  to  HUU. — When  a 
at  the  mills,  he  shall  have  full  access, 
by  him  is  being  manufactured. 

VII.    WORKMANSHIP. 

114.  OenenL — All  parts  forming  a  structure  shall  be  built  In  accordance  wth  approved 
drawings.  The  workmanship  and  fin^  shall  be  equal  to  the  beat  practice  in  modem  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
hcfore  being  worked  in  the  shops. 

Ii5._  Strai^tening. — Material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  that 
*itl  not  injure  it,  before  being  laid  ofF  or  worked  in  any  way. 

116.  Flidah. — Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions  of 
the  work  exposed  to  view  neatly  finished. 

117.  SizA  of  It]Tets.^The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  siie  of  the  cold  rivet  before  beating. 
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1 1 8.  Rivet  Holes. — ^When  general  reaming  is  not  required,  the  diameter  of  the  punch  shall 
not  be  more  than  ^-iti.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more 
than  1-in.  greater  than  the  diameter  of  the  punch.  Material  more  than  f-in.  thick  shall  be 
sub-punched  and  reamed  or  drilled  from  the  solid. 

119.  Punching. — Punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes  will 
not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shaJl  be  reamed.  Poor 
matching  of  holes  will  be  cause  for  rejection. 

120.  Reaming. — Where  sub-punching  and  reaming  are  required,  the  punch  used  shall  have  a 
diameter  not  less  than  ^-'m,  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  A-in.  larger  than  the  nominal  diameter  of  the  rivet.     (See 

I35-) 

121.  Reaming  after  Assembling.* — [When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  so  firmly  bolt^  together  that  the  surfaces 
shall  be  in  close  contact.  If  necessary  to  take  the  pieces  apart  for  shipping  and  handling,  the 
respective  pieces  reamed  together  shall  be  so  marked  that  they  may  be  reassembled  in  the  same 
position  in  the  final  setting  up.     No  interchange  of  reamed  parts  will  be  permitted.] 

122.  Reaming  shall  be  done  with  twist  drills  and  without  using  any  lubricant. 

123.  The  outside  burrs  on  reamed  holes  shall  be  removed  to  the  extent  of  making  a  ^in. 
fillet. 

124.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted.     (See  152.) 

125.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

126.  Web  Stiffeners. — ^Stiffeners  shall  fit  neatly  between  flanges. of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

127.  SpUce  Plate  and  Fillers. — Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  i-in.  of  flange  angles. 

128.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  i-in.,  unless  otherwise  called  for. 
When  webplates  are  spliced,  not  more  than  }-in.  clearance  between  ends  of  plates  will  be  allowed. 

129.  Floorbeams  and  Stringers. — ^The  main  sections  of  floorbeams  and  stringers  shall  be 
milled  to  exact  length  after  riveting  and  the  connection  angles  accurately  set  flush  and  true  to 
the  milled  ends  t[or  if  required  by  the  purchaser  the  milling  shall  be  done  after  the  connection 
angles  are  riveted  in  place,  milling  to  extend  over  the  entire  face  of  the  member].  The  removal 
of  more  than  /r-^^^-  from  the  thickness  of  the  connection  angles  will  be  cause  for  rejection. 

130.  Riveting. — Rivets  shall  be  uniformly  heated  to  a  light  cherry  red  heat  m  a  gas  or  oil 
furnace  so  constructed  that  it  can  be  adjusted  to  the  proper  temperature.  They  shall  be  driven 
by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

131.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  equal 
size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and 
calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metaL  If 
necessary,  they  shall  be  drilled  out. 

132.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  shall  make  a  driving  fit  with  the  threads  entirely 
outside  of  the  holes.     A  washer  not  less  than  }-in.  thick  shall  be  used  under  nut. 

133.  Members  to  be  Straight — The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

134.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

135.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  120,  to  a  steel  templet  not  less  than  one  inch  thick.  t[If 
required,  all  other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled 
in  the  shop  and  the  unfair  holes  reamed;  and  when  so  reamed  the  pieces  shall  be  match-marked 
before  being  taken  apart.) 

136.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or 
forging.     Welding  will  not  be  allowed.     The  form  of  heads  will  be  determined  by  the  dies  in  use 

•  See  Addendum,  clause  (d). 
t  See  Addendum,  clause  (Q. 
t  See  Addendum,  clause  (e). 
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at  the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer 
shall  guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head 
and  neck  shall  not  vanr  more  than  ^-itl  from  that  specified.     (Sc^  163.) 

137.  Boring  Sye-Mis. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of 
the  same  lei^^h  shall  be  bored  so  accurately  that,  when  placed  together,  pins  tV-in<  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

138.  Pin-Holes. — ^Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring 
shall  be  done  after  the  member  is  riveted  up. 

139.  The  distance  center  to  center  of  pin-holes  shall  be  correct  within  ^-in.,  and  the  diameter 
of  the  holes  not  more  than  ^in.  larger  than  that  of  the  pin,  for  pins  up  to  5-in.  diameter,  and  |^~ 
in.  for  larger  pins. 

140.  Pins  and  Rollers, — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

141.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  1}  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

142.  Annealing. — ^Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

143.  Steel  Castings. — ^Steel  castings  shall  be  free  from  large  or  injurious  blowholes  and  shall 
be  annealed. 

144.  Welds. — ^Welds  in  steel  will  not  be  allowed. 

145.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  finishing  cut  of  the  planing  tool  shall  be  fine  and  correspond 
with  the  direction  of  expansion. 

146.  Pilot  Nuts. — ^Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 

147.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten  rivets 
in  excess  of  the  nominal  number  required  for  each  size. 

148.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

149.  Weight — ^The  scale  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

150.  Fini^ed  Weight — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

VIII.    SHOP  PAINTING. 

*I5I.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

152.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  together. 

153.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  an 
additional  coat  of  paint  before  leaving  the  shop. 

154.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal 
is  perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

155.  Machine-Finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

IX.    INSPECTION  AND  TESTING  AT  THE  SHOPS. 

156.  Facilities  for  Inspection.— The  manufacturer  shall  furnish  all  facilities  for  inspecting 
w  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

.      157.  Starting  Work.— The  purchaser  shall  be  notified  well  in  advance  of  the  start  of  the  work 
in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and  workmanship. 

158.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
jcceas,  at  alt  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

159.  Accepting  Material.— The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark. 
Any  piece  not  so  marked  may  be  rejected  at  any  time  and  at  any  stage  of  the  work.     If  the  m- 

^  See  Addendum,  clause  (b). 
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spector,  through  an  oversight  or  otherwise,  has  accepted  inaterial  or  work  which  is  defective  or 
contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

1 60.  Shop  Plans. — The  purchaser  shall  be  furnished  complete  shop  plans. 

161.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment.    These  shall  show  the  scale  weights  of  individual  pieces. 

X.    FULL-SIZED  TESTS. 

162.  Bye-Bar  Tests. — Full-sized  tests  on  eye-bars  and  similar  members,  to  prove  the  work- 
manship, shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by  the  purchaser  at 
contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the  members  repre- 
sented by  them  will  be  rejected. 

i6;j.  In  eye-bar  tests,  the  minimum  ultimate  strength  shall  be  55,000  lb.  per  sq.  in.  The 
elongation  in  10  ft.,  including  fracture,  shall  be  not  less  than  15  per  cent.  Bars  shall  p^enerally 
break  in  the  body  and  the  fracture  shall  be  silky  or  fine  granular,  and  the  elastic  limit  as  mdicated 
by  the  drop  of  the  mercury  shall  be  recorded.  Should  a  bar  break  in  the  head  and  develop  the 
specified  elongation,  ultimate  strength  and  character  of  fracture,  it  shall  not  be  cause  for  rejection, 
provided  not  more  than  one-third  of  the  total  number  of  bars  break  in  the  head  (see  136). 

ADDENDUM  TO  GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES. 

POINTS  TO  BE  SPECIFICALLY  DETERMINED   BY   BUYERS   WHEN   SOLICITING   PROPOSALS  FOR  STEEL 

RAILWAY   BRIDGES. 

When  general  detail  drawings  are  not  furnished  for  the  use  of  bidders  specific  answers  should 
be  given  to  questions  a,  b  and  c,  below. 

Specific  answers  should  also  be  given  to  questions  d,  e  and  f  if  the  class  of  work  described  in 
any  of  the  paragraphs  there  referred  to  is  desired.  If  these  features  are  not  specifically  demanded, 
the  unbracketed  paragraphs  will  be  construed  to  define  the  kind  of  work  desired. 

(a)  What  class  o?  live  load  shall  be  used?     (Pars.  7  and  8.) 

(b)  Shall  linseed  oil  or  paint  be  used?     If  paint,  what  kind?     (Par.  151.) 

(c)  Shall  contractor  furnish  floor  bolts? 

(d)  Shall  general  reaming  be  done?     (Par.  121.) 

fe)  Shall  field  connections  be  assembled  at  the  shop?     (Par.  135.) 
(f)   Shall  floor  connection  angles  be  milled  after  riveting?    (Par.  129.) 


INSTRUCTIONS  FOR  THE  DESIGN  OF  RAILWAY  BRIDGES.* 

The  following  instructions  for  the  design  of  the  details  of  railway  bridges  have  been  prepared 

by  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  191 2. 

RIVETS  AND  RIVET  SPACING.— i.  For  conventional  signs,  actual  sizes  of  heads  and 
lengths  of  field  rivets  for  various  grips,  see  Fig.  10,  Chap.  XII,  and  Table  109,  Part  II. 

2.  Size. — Rivets  for  steel  bridge  work  shall  usually  be  }  in.  diameter,  except  where  limited 
by  size  of  material.  In  very  heavy  work,  where  rivets  of  long  grip  are  required,  such  as  in  the 
drums  of  draw  spans,  i  in.  rivets  are  preferable. 

3.  Flattened. — Rivet  heads  are  not  to  be  flattened  to  less  than  |  in.  high. 

4.  Countersunk. — Where  heads  less  than  }  in.  high  are' required,  they  shall  be  countersunk. 
The  conventional  signs  for  countersunk  rivets  mean  that  rivets  shall  be  countersunk  and  chipped. 
Where  chipping  is  not  required,  it  should  be  so  noted  on  the  drawing.  Countersunk  rivets  should 
be  avoided  whenever  possible. 

L  Clearance  of  Heads. — In  determining  clearance  the  heights  of  heads  should  be  assumed 
ws: 

Full  head  I  in.  rivet I  in.  high 

Full  head  }  in.  rivet f  in.  high 

Full  head  f  in.  rivet A  in.  high 

Head  flattened  to  }  in.  rivet t  in.  high 

Countersunk,  not  chipped 1  in.  high 

6.  Spacing. — In  spacing  rivets  the  use  of  fractions  smaller  than  \  in.  should  be  avoided. 
Where  unavoidable,  locate  in  such  a  way  as  to  cause  the  least  number  of  repetitions. 

Locate  splices  and  sti£Feners  with  a  view  to  keeping  the  rivet  spacing  as  regular  as  possible. 

7.  Stagger  and  Clearance. — For  distances  center  to  center  of  staggered  rivets  and  clearance 
required  for  driving,  see  standards.  In  special  cases  where  the  prescribed  clearances  are  im- 
possible, allow  at  least  i  in.  clearance  for  )  m.  and  i  In.  rivets  and  A  in.  for  }  in.  rivets,  from  the 
edge  of  the  rivet  head  to  the  nearest  surface  or  other  obstruction. 

In  the  connection  of  cross-frames  to  girders,  and  in  small  lug  angles  and  detail  angles,  rivets 
must  be  spaced  so  that  they  will  not  interfere  with  each  other  in  driving. 

In  ginier  flange  angles,  the  rivets  in  the  "  flange"  legs  should  stagger  at  least  i  in.  with  rivets 
in  the  "web"  legs,  but  should  be  staggered  uniformly. 

RIVETED  CONNECTIONS. — i.  Grouping. — Rivets  should  be  grouped  to  insure  that 
the  line  of  applied  stress  passes  as  near  as  possible  through  the  center  of  the  group  of  rivets  which 
resists  that  stress.  Where  the  eccentricity  is  marked,  the  stress  on  the  extreme  rivet  due  to  this 
eccentricity  shall  be  computed  and  when  properly  combined  with  the  direct  stress  shall  not  exceed 
the  allowable  stress  per  rivet. 

2.  Gusset  Plates. — Gusset  plates  shall  have  such  a  thickness  as  will  on  any  section  develop, 
in  bending  and  shear,  the  full  stress  which  has  been  transmitted  to  it  by  the  rivets  outside  the 
section. 

3.  Clearance. — The  clearance  between  chords  and  web  members  entering  same  and  other 
similar  riveted  connections  shall  be  not  less  than  1  in.  in  heavy  structures  and  ^  in.  in  light 
structures.     

PINS  AND  PIN  PACKING. — i.  Pins. — Pins  shall  be  proportioned  to  carry  the  reactions 
of  the  stresses  in  all  the  members  meeting  at  a  point  at  unit  stresses  specified.  In  computing 
bending  moment  on  pins,  assume  each  load  concentrated  at  its  center  of  bearing. 

2.  Fin  Packing. — Observe  the  following  rules  regarding  arrangement  of  eye-bars  and  pin 
plates: 

fi)  Arrange  pin  packing  so  as  to  reduce  bending  moment  on  pin  to  minimum. 

(2)  Leave  at  least  -Ar  in.  clearance  between  adjacent  surfaces. 

(3)  Provide  an  additional  clearance  in  the  length  of  the  pin  of  not  less  than  }  in.  ^ 

(4)  When  two  or  more  pin  plates  are  riveted  together,  allow  ^  in.  for  each  plate,  in  addition 
to  its  nominal  thickness. 

(5)  Where  hinge  plates  aOre  used  allow  i  in.  clearance  between  hinge  plates  and  faces  of  con- 
necting members. 

(6)  Adjacent  surfaces  of  eye-bars  composing  a  member  shall  have  a  clearance  of  |  in.  to 
allow  for  painting. 

(7)  All  eye-bars  are  to  lie  in  planes  as  nearly  as  possible  parallel  to  the  center  line  of  truss, 
no  divergence  exceeding  one  inch  m  16  ft.  being  permitted. 

^Prepared  by  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.; 
Mr.  C.  F.  Loweth,  Chief  Engineer,  and  Mr.  J.  H.  Prior,  Office  Engineer. 
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(8)  Where  distance  between  adjacent  surfaces  is  }  in.  or  more,  filler  rings  shall  be  provided 
to  prevent  lateral  motion,  but  the  aggregate  length  of  such  filler  rings  shall  t^  i  in.  less  than  the 
neat  length  required,  after  making  necessary  allowances  for  packing. 

(9)  The  neat  grip  of  pins  shall  be  the  distance  out  to  out  of  outside  surfaces  after  making 
allowances  for  clearance. 

(10)  The  ordered  length  of  pins  between  shoulders  shall  exceed  the  neat  grip  by  the  following 
allowances: 

For  pins  of  3}  in.  diam.  or  less,  allow  {  in. 

For  pins  of  3!  in.  diam.  to  6  in.  diam.,  allow  }  in. 

For  pins  of  6}  in.  diam.  to  9^  in.  diam.,  allow  }  in. 

GIRDER  WEBS.— Width  of  Web  Plates.— On  deck  girders  the  web  must  usually  project 
}  in.  above  the  back  of  the  top  flange  angles,  to  receive  the  notches  in  the  track  ties,  except  for 
concrete  deck  floors  where  the  slabs  rest  on  a  top  cover  plate.  In  other  cases,  where  no  cover 
plates  are  required,  the  web  must  be  flush  with  the  top  flange  angles.  At  the  bottom  flange  in 
all  cases,  and  at  the  top  flange  where  cover  plates  are  required,  the  web  may  be  set  back  }  m. 

Web  plates  shall  not  be  ordered  in  widths  having  a  fraction  of  an  inch  less  than  }  in. 

Thickness. — ^Web  plates  should  have  a  minimum  thickness  of  ^  in.  At  web  splices  J  in. 
clearance  between  ends  of  web  plates  shall  be  allowed. 

Web  Splices  Location. — ^Web  splices  for  girders,  when  required,  should  preferably  be  placed 
near  the  third  or  quarter  points,  and  never  when  avoidable  at  the  point  of  maximum  moment. 

Size. — Web  splices  should  be  of  suflicient  width  to  take  two  lines  of  rivets  through  each 
section  of  the  web  spliced.  When  not  under  floorbeam  connection  angles,  i  in.  clearance  may  be 
allowed  top  and  bottom. 

Moment  Splices. — In  addition  there  should  be  splice  plates  on  the  vertical  legs  of  the  flange 
angles,  designed  to  splice  the  portion  of  the  web  covered  by  the  flange  and  where  thus  spliced,  the 
resisting  moment  on  the  web  may  be  taken  as  equivalent  to  that  of  1  of  its  gross  area  considered 
as  flange  section. 

where  the  splice  plates  on  the  flange  angles  are  omitted,  the  rivets  in  the  flange  angles  for  a 
distance  of  one  foot  either  side  of  the  splice  may  be  considered  as  part  of  the  group  of  splicing  rivets, 
and  account  shall  be  taken  of  the  longitudinal  shearing  stress  on  these  rivets  as  well  as  the  stress 
due  to  the  splice. 

Riveting. — ^The  riveting  shall,  where  practicable,  be  such  as  to  develop  the  full  strength  of 
the  web,  and  shall  always  be  such  as  to  develop  the  actual  moment  carried  by  the  web  at  any  point; 
this  beinp;  determined  by  multiplying  the  total  moment  on  the  section  by  the  ratio  of  i  of  the  gross 
web  section  to  the  total  flange  area,  including  this  web  equivalent.  Splices  shall  also  be  designed 
to  carry  the  total  shear  on  the  section  due  to  the  assumed  loading. 

GIRDER  FLANGES.-^!.  Composition. — At  least  i  of  the  area  of  the  flange  section  should 
consist  of  angles,  or  else  the  maximum  size  of  the  latter  be  used,  and  in  no  case  should  the  center 
of  gravity  of  the  flange  come  above  the  flange  angles.  For  location  of  center  of  gravity  for  various 
types  of  flange  and  sizes  of  material,  see  Table  88,  Part  II. 

2.  Composition  of  flanges  shall  preferably  be  as  follows: 
(i)  6"  X  6"  angles  without  cover  plates. 

(2)  6"  X  6"  angles  with  14  in.  or  16  in.  cover  plates. 

(3)  8"  X  8"  angles  with  17  in.  or  18  in.  cover  plates. 

(4)  8"  X  8"  angles  with  2  or  4-6"  X  4"  angles,  without  cover  plates.     (Type  A4.) 
Thickness  of  flanges  without  cover  plates  shall  not  be  less  than  iV  the  width  of  the  outstanding 

leg  of  the  angle. 

3.  Net  Section. — ^The  riveting  in  the  tension  flan^  shall  be  computed  according  to  method 
shown  in  Tables  109  to  113,  Part  II.  Where  the  spacing  of  flange  rivets  is  not  known  in  advance, 
about  the  following  allowances  shall  be  made.  In  detailing  flange  riveting,  where  there  is  not  a 
considerable  excess  of  flange  section,  endeavor  to  keep  within  these  allowances: 

(i)  Flange  angles  without  cover  plates  and  without  lateral  bracing  connections,  each  angle — 
one  hole  out. 

(2)  Flange  angles  without  cover  plates,  but  with  lateral  connections,  each  angle — li  holes 
out. 

(3)  Flange  angles  with  cover  plates,  each  angle — two  holes  out. 

(4)  Cover  plates — ^two  holes  out. 

4.  Cover  Plates. — Cover  plates  shall  have  the  same  thickness  or  shall  diminish  in  thickness 
from  the  flange  angle  out.  In  determining  length  of  cover  plates,  the  curve  of  maximum  moments 
shall  be  established  and  plates  shall  be  made  i  ft.  longer  at  each  end  than  the  theoretical  require- 
ment. 

5.  Flange  Splices. — Flanges  shall  never  be  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.    Where  flange  splices  occur  the  following  requirements  shall  be  observed: 
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(i)  Spikes  shall  always  be  located  at  points  where  there  is  an  excess  of  flange  section. 
(3)  No  two  parts  of  the  flange  shall  be  spliced  within  2  ft.  of  each  other. 

(3)  Flange  angles  shall  be  si>liced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible,  the  largest  possible  splice  angle  shall  be  used,  and  the 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle. 

(4)  In  splicing  cover  plates  where  one  or  more  plates  intervene  between  the  splice  plate  and 
the  cover  plate  which  it  splices,  the  requirement  of  paragraph  57  of  the  A.  R.  E.  A.  Specifications 
for  Design  shall  be  observed. 

(5)  Rivets  in  splice  plates  and  angles  shall  be  located  as  close  together  as  possible,  in  order 
that  the  transfer  may  take  place  in  a  short  distance. 

(6)  No  allowance  shall  be  made  for  abutting  edges  of  spliced  members  of  the  compression 
flange. 

6.  Flange  Riveting. — Rivets  connecting  flange  to  the  web  shall  be  suflicient  to  resist  at  any 
point  the  longitudinal  shear  combined  with  any  load  that  is  applied  directly  to  the  flanges.  The 
wheel  loads  where  ties  rest  directly  on  the  flanges  shall  be  assumed  to  be  distributed  over  3  ft. 

The  pitch  of  rivets  between  flange  and  web  at  any  section  may  be  computed  by  the  formulas: 

For  through  girders,  p  '^  R  *  d[S, 

p 

For  deck  girders,  p 
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p  >■  longitudinal  spacing  of  rivets  in  inches; 

K  >"  value  of  one  nvet  in  bearing  or  double  shear  in  pounds; 

d  »  distance  center  to  center  of  flanges  in  inches; 

S  >■  total  maximum  shear  in  pounds  at  the  section,  reduced  in  the  ratio  of  the  net  area  of 

flange  angles  and  plates  to  the  net  area  of  flange  plus  |  the  gross  web  section. 
W  >"  one  wheel  load  plus  100  per  cent  impact. 

7.  Maximnni  Spacing. — Maximum  spacing  of  rivets  between  flanges  and  web  shall  be: 

Top  flange,  deck  girders 3l  in- 
Top  flange,  through  girders 41  in. 

For  convenience  in  shop  work,  spacing  of  rivets  in  top  and  bottom  flanges  shall  be  exactly 
alike  where  possible. 

8.  Rivets  in  Cover  Plates. — ^Where  it  is  necessary  to  compute  spacing  of  rivets  connecting 
cover  plates  to  flange  angles,  the  following  formula  may  be  used: 

p  '^  n  '  R  '  d/S  X  A/a 

where  R  >■  value  of  one  rivet  in  single  shear  or  bearing; 

n  »  number  of  rivets  on  one  transverse  line  through  cover  plates  and  flanges; 

a  >■  total  area  of  cover  plates  at  section; 

A  >"  area  of  entire  flange  at  section; 

S  and  d,  as  in  section  6,  **  Flange  Riveting." 
The  pitch  as  computed  by  this  formula  shall  be  diminished  15  per  cent  for  every  cover  plate 
more  than  one.     Rivets  in  cover  plates  shall  preferably  stagger  half  way  with  the  rivets  in  the  verti- 
cal legs  of  the  flange  angles.    The  maximum  spacing  shall  be  6  in. 

9.  Circular  Ends. — For  through  spans  with  circular  ends,  the  end  angles  should  be  spliced  near 
the  ends,  as  the  full  length  angles  cannot  be  handled  in  making  the  bends. 

Rivdts  through  cover  plates  on  circular  ends  must  be  spac^  close  enough  to  draw  the  plates 
tight  against  the  angles.    The  smaller  the  radius,  the  closer  rivets  should  be  spaced. 

10.  Ovemin  of  Angles. — In  plate  girders  whose  top  flange  is  composed  of  four  or  more  angles, 
about  I  in.  should  be  allowed  between  the  edges  of  angles  to  allow  for  overrun. 

11.  Gage  in  Cover-Plate8.^-On  girders  which  are  similar,  but  which  have  webs  of  different 
thickness,  the  gage  in  the  angles  should  be  left  the  same  and  the  gage  in  the  cover  plate  varied  to 
suit  the  web  thickness. 

GIRDER  STIFFENERS.— Intennediate  Stiff eners.— Intermediate  stiffeners,  except  at  con- 
centrated load,  may  be  offset,  and  shall  bear  tightly  against  top  and  bottom  flanee.  The  ordered 
length  of  offset  stiffener  angles  shall  be  the  finished  length  plus  the  thickness  of  each  angle  over 
which  it  is  offset. 

Size  of  Stiffeners. — In  general,  the  minimum  size  of  stiffeners  bearings  against  6"  X  6'' 
flange  angles  shall  be  5"  X  3i"  X  f",  and   against  8"  X  8"  flange  angles  shall  be  6"  X  3J" 

xF'.       .  . 

Field  riveted  stiffeners  at  floorbeams  of  through  girders  may  have  J  in.  clearance  at  the  top. 
Fillers  under  end  stiffeners  and  under  concentrated  loads  must  bear  on  bottom  flange,  but  may 
have  }  in.  clearance  at  top. 
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Rivets  in  Stiff enen. — Rivets  in  stifTener  angles  may  have  the  maximum  spacing,  except  that: 

(a)  Rivets  in  end  stiffeners  and  stiffeners  at  concentrated  loads  shall  develop  the  full  computed 
stress  in  the  stiffeners. 

(b)  Spacing  of  rivets  in  end  stifTenerSi  intermediate  stiffeners,  and  web  splices  shall  be  identi- 
cal, except  that  rivets  in  any  line  may  be  omitted  where  possible  without  exceeding  the  maximum 
specified  pitch,  in  order  to  minimize  shop  work  of  punchmg. 

Holes  for  Hand-Hooks.— All  stiffeners  on  deck  girders  with  concrete  decks  and  ballast  floors 
should  have  holes  punched  in  the  outstanding  legs  for  inserting  hand-hook  to  support  a  person 
inspecting  bridge.  Holes  should  be  D  in.  diameter  and  located  6  in.  from  top  flange  on  shallow 
girders  and  6  ft.  from  bottom  flange  on  deep  girders.  Gage  line  of  hole  to  be  i}  in.  from  outer 
edge  of  angle. 

STRINGERS  AND  FLOORBBAMS.— i.  Stringers.— Stringers  for  through  girder  spans 
may  be  either  I-beams  or  built  girders.  Where  I-beams  are  used  two  stringers  shall  be  placed 
under  each  rail.  Depth  of  stringers  shall  depend  on  available  distance  from  base  of  rail  to  "low 
bridge";  depth  shall  be  preferably  i  to  J,  but  not  less  than  -jVt  the  panel  length. 

2.  Floorbeams. — Depth  of  floorbeams  shall  be  such  as  to  allow  stringers  to  be  framed  readily 
into  the  web,  and  not  less  than  i  of  the  distance  center  to  center  of  girders  or  trusses. 

3.  Stringer  Connections. — ^Stringers  shall  be  riveted  to  webs  of  floorbeams  with  |  in.  con- 
nection angles.  Connection  angles  are  to  be  faced  to  provide  uniform  bearing  against  webs  of 
floorbeams.     Make  stringers  fy  m.  short  at  each  end  for  clearance  in  erecting. 

4.  Floorbeams  for  Through  Girders. — ^The  gusset  plates  connecting  floorbeams  to  main 
girders  shall,  wherever  possible,  extend  to  the  top  of  the  girder  and  shall  have  an  angle  riveted 
along  the  edge,  to  form  an  effective  stay  for  the  top  flange  of  the  main  girder,  and  they  shall  also 
form  the  webs  of  the  end  portions  of  the  floorbeams,  extending  out  toward  the  center  as  far  as  the 
clearance  line  will  allow,  and  being  there  spliced  to  the  main  web. 

5.  Floorbeams  for  Truss  Bridges. — Floorbeams  for  truss  spans  shall  preferably  be  riveted  to 
the  vertical  posts  or  hangers,  extending  the  connection  angle  above  the  top  flange  where  necessary 
to  secure  sufficient  rivets.  When  it  is  necessary  to  cut  away  the  lower  comer  of  the  floorbeam  to 
clear  the  chord,  special  care  shall  be  taken  to  so  reinforce  the  web  as  to  carry  the  end  shear  into 
the  connection  angles.  

TRUSS  AND  TOWER  BffEMBBRS.— i.  Top  Chord  and  End-post— The  top  chord  and 
the  inclined  end-post  shall  usually  consist  of  two  built  channels,  with  a  thin  cover  plate  on  top 
and  with  bottom  flanges  latticed.  The  bottom  flanges  shall  be  made  heavier  than  the  top,  in 
order  that  the  gravity  axis  may  come  as  close  as  possible  to  the  center  line  of  the  webs. 

2.  Verticals  and  Rigid  Toision  Members. — Intermediate  posts  shall  usually  consist  of  two 
rolled  or  built  channels  latticed.  Hip  verticals  and  similar  members  and  the  two  end  panels 
of  the  bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid,  and  may  consist  either 
of  two  rolled  or  built  channels  latticed;  or  of  four  angles  latticed  to  form  an  I-section. 

3.  Eye-bars. — Eye-bars  shall  be  used  for  all  bottom  chord  members  and  main  diagonals  that 
do  not  require  to  be  stiffened  in  pin-connected  trusses.  Dimensions  of  heads  shall  be  according 
to  manufacturers  shop  standard.  Length  of  eye-bars  shall  be  given  on  the  drawings,  center  to 
center  of  pin  holes,  and  also  back  to  back  of  pin  holes. 

±,  Eccentricity. — ^The  line  of  applied  force  must  coincide  with  the  gravity  axes  of  built 
members  or  else  the  member  must  be  designed  for  combined  direct  stress  and  flexure  due  to  the 
eccentricity  of  the  applied  load. 

5.  Bending  Due  to  Weight — Bending  moment  in  the  top  chord  and  end-post  due  to  weight 

p 
of  member  may  be  computed  by  the  approximate  formula,  -j  db  M'c/It  where  P  »  total  direct 

stress  in  the  member;  A  «■  gross  area  of  the  section  of  the  member;  M  «=  bending  moment  at  the 
section  of  the  member  in  in.-lb.;  c  »  distance  to  extreme  fiber;  and  /  «  moment  of  inertia  of  the 
section  of  the  member,  and  the  stress  from  such  bending  shall  be  deducted  from  the  average 
compressive  stress  allowed  by  the  column  formula. 

6.  Bending  in  End-posts. — In  computing  stresses  in  the  end-post  of  through  pin-connected 
trusses,  due  to  wind  force,  where  the  end -post  consists  of  two  built  or  rolled  channels,  if  the  product 
of  the  wind  reaction  in  the  top  chord  times  one-half  the  distance  from  the  foot  of  the  post  to  the 
lowest  connection  of  the  portal  bracing  does  not  exceed  the  product  of  the  dead  load  stress  in  one 
of  the  channels  composing  the  end-post  times  the  distance  center  to  center  of  the  bearings  of  the 
channels  on  the  pin,  the  post  may  be  considered  fixed-ended  and  the  point  of  contra-flcxure 
assumed  midway  between  the  foot  of  the  post  and  the  lower  connection  of  the  portal  bracing. 
Otherwise  it  must  be  considered  pin-connected.  The  end-posts  of  riveted  through  trusses  shall 
be  considered  as  fixed-ended  columns. 

7.  Over-run  of  Angles. — Where  side  plates  are  used  on  chord  sections  placed  between  the 
flange  angles,  at  least  \  in.  clearance  should  be  allowed  between  the  edges  of  the  plate  and  the 

allow  for  over-run  of  angles. 
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8.  deumnce  for  RiTeting. — ^When  flanges  of  angles  and  channels  of  built  members  are  turned 
in.  5  i  in.  opening  between  edges  of  angles  or  channels  is  required  to  rivet  the  tie  plates  and  lacing. 

LATERAL  AND  SWAY  BRACING.— i.  Minimnm  Sizes.— The  minimum  size  of  angles 
to  be  used  in  bracings  shall  be  3i"  X  3^'  X  I".  Not  less  than  three  rivets  shall  be  used  in  the 
connection. 

3.  ^fective  Section. — ^Where  single  angles  are  used  for  bracing  members  without  lug  angles 
coniiecting  the  outstanding  leg  to  the  gusset  plates,  not  more  than  8o  per  cent  of  the  net  section,  if 
in  tension,  shall  be  considered  as  effective. 

Where  single  angles,  used  for  bracing  members,  have  lug  angles  connecting  their  outstanding 
legs  to  the  eusset  plates,  and  where  the  center  of  the  group  of  connecting  rivets  in  the  gusset 
plates  fail  close  to  the  gravity  line  of  the  angle,  in  plan,  90  per  cent  of  the  net  section  may  be 
considered  effective. 

3.  Doable  Diagonal  Systems. — In  double  diagonal  systems  the  shear  due  to  wind  force  shall 
be  considefed  as  carried  wholly  by  one  diagonal  in  tension,  but  the  maximum  value  of  l/r  ■■  120, 
specified  for  bracing  members,  shall  not  be  exceeded.  In  assuming  "r"  the  connection  of  di- 
s^onals  at  their  intersection  mav  be  considered  as  offering  support  against  deflection  in  the  plane 
<x  the  system,  but  not  against  cleflection  perpendicular  thereto. 

4*  Beoding  at  Connections. — Connections  between  bracing  members  and  chords  shall  be 
designed  to  avoid  as  far  as  possible  any  bending  stress  in  main  truss  members. 

5.  Allowance  for  Draw. — ^For  diagonal  bracing  of  one  or  two  angles  the  following  draw 
should  be  allowed: 

For  lengths  up  to  10  ft.  No  Allowance, 

from  10  to  21  ft.  Allow  -f^  in. 

from  21  to  35  ft.  Allow  J  in. 

over  35  ft.  ^  Allow  A  »»• 

The  use  of  thirty-seconds  of  an  inch  should  be  avoided  but  the  above  allowances  should  not  be 
varied  by  more  than  />r  in. 

LATERAL  BRACING. — i.  Lateral  Bracing. — Lateral  bracing  shall  be  in  general  as  follows: 

(i)  Deck  girders  and  top  flanges  of  stringers  15  ft.  long  and  over;  single  diagonal  system  with 
transverse  struts,  composed  of  single  angles.     Slope  of  diagonals  4s ^  to  60^  with  axis  of  bridge. 

(2)  Through  girders:  Double  diagonal  system  of  same  panel  length  as  floor  system,  com- 
posed of  single  angles;  floorbeams  to  act  as  the  transverse  struts  of  the  system. 

(3)  Trusses;  loaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  systems, 
composed  of  single  angles,  or  double  angles  back  to  back;  floorbeams  to  act  as  the  transverse 
struts  of  the  system. 

(4)  Trusses,  unloaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  system 
with  transverse  struts  at  panel  points;  all  composed  of  two  or  four  angles  laced  to  form  a  channel 
or  I-«ection,  of  depth  equal  to  depth  of  chords. 

2.  Traction  Stresses. — ^The  lateral  system  in  the  plane  of  the  loaded  chord  of  truss  spans  and 
of  through  girder  spans  shall  be  effectively  riveted  to  the  stringers  at  intersections,  and  the  diagonal 
shall  be  designed  to  transmit  the  traction  for  one  panel  length  of  track  to  the  panel  point;  one 
diagonal  for  each  stringer  considered  acting  in  tension. 

3.  Clippiiig  Angles  for  Clearance. — ^The  vertical  leg  of  laterals  should  be  clipped  at  the  end 
when  there  is  a  possibility  that  the  square  corner  would  interfere  in  any  way  with  putting  in  the 
laterals  or  riveting  up.  This*  is  to  be  particularly  looked  out  for  at  floorbeam  connections  of 
through  girder  spans  and  in  top  laterals  of  Type  A4  girder  spans. 

4.  Squaring  of  Holes  in  Connections. — Where  laterals  are  riveted  to  stringers  the  holes 
should  be  squared  with  the  stringers,  if  possible.  At  the  intersection  of  diagonals,  the  holes  in 
splices  with  two  lines  of  rivets  should  be  squared  with  lateral  and  skewed  on  the  splice  plate. 

5.  He  Plates  and  lAcing  Symmetrical. — ^Where  laterals  have  tie  plates  or  tie  plates  and  lacing 
bars,  they  should  be  detailed  symmetrically  so  that  the  angles  will  be  identical  by  turning  end  for  end. 

6.  Lateral  Plates  C3  and  C4  Spans. — The  lateral  plates  of  Type  C3  and  Type  C4  girder 
spans  (flanges  two  angles  and  cover  plates)  should  not  be  shop  riveted  to  the  girders,  as  it  is 
impossible  to  put  in  floorbeam  connection  angles  when  this  is  done. 

TRANSVERSE  BRACING.— i.  Transverse  bracing  shall  be  used  as  follows: 
(i)  At  intervals  of  not  more  than  15  ft.  on  deck  girder  spans.  Intermediate  frames  shall  be 
of  minimum  material.  End  frames  shall  be  designed  to  carry  to  the  abutment  the  total  lateral 
forces  acting  on  the  top  flange.  End  frames  of  skew  deck  girders  shall  be  placed  at  the  end 
of  the  short  girder,  and  at  right  angles  to  same.  Top  and  bottom  lateral  diagonal  braces  shall 
be  used  to  stay  the  end  of  the  long  girder. 

(2)  As  spacers  for  strinp^ers  resting  on  masonry  where  end  floorbeams  cannot  be  used.  These 
frames  shall  be  riveted  to  girders  or  truss  shoes  where  practicable. 

(3)  As  spacers  for  stringers  at  all  expansion  points. 

(4)  At  end  panel  of  through  truss  spans,  having  vertical  truss  members.  These  frames 
shall  be  as  deep  as  clearance  will  permit. 
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(5)  Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the  end-posts 
and  top  chords.  They  shall  be  as  deep  as  clearance  will  allow,  and  shall  be  designed  to  carry  to 
the  abutment  the  total  wind  force  acting  on  the  top  chord. 

(6)  At  panel  points  of  deck  truss  spans,  having  vertical  members.  Intermediate  frames 
shall  be  designed  to  carry  J  the  panel  concentration  of  wind  and  centrifugal  force  to  the  bottom 
chord  and  the  end  frame  shall  be  designed  to  carry  i  the  total  wind  and  centrtf ugal  force  acting 
on  the  top  chord  to  the  abutment. 

Frames  for  (i),  (2)  and  (3)  shall  consist  of  single  angle  struts,  top  and  bottom  and  double 
diagonals.  Frames  for  (4)  may  consist  of  knee  braces  attached  to  the  top  lateral  struts,  but  pre- 
ferably where  clearance  permits,  of  light  open  webbed  girder.  Portal  frames  shall  consist  of  open 
webbed  girders,  with  knee  braces  connections  to  inclined  posts.  Frames  for  (6)  shall  consist  of 
double  diagonals  running  between  floorbeams  and  lower  lateral  struts  and  composed  of  two  angles 
back  to  back,  or  of  two  or  four  angles  laced. 

2.  Diaphragms  for  Twin  Dedc  Spans. — Diaphragms  connecting  two  pairs  of  twin  girders 
are  to  be  omitted  on  shallow  spans.  Where  the  girders  exceed  3  ft.  6  in.  in  depth,  diaphragms  shall 
be  added  for  rigidity.     They  shall  be  connected  to  girders  with  field  bolts. 

3.  End  Cross  Frames  and  Diaphragms. — In  the  design  and  location  of  end  cross  frames  and 
diaphragms  their  shape  and  position  shall  be  such  as  to  give  access  to  the  spaoe  between  the 
girders  for  inspection,  painting  and  the  placing  of  anchor  bolts. 

REFERENCES. — ^For  the  calculation  of  the  stresses  in  railway  bridges  and  for  additional 
details  and  the  details  of  design,  the  following  books  may  be  consulted:  Merriman  &  Jacoby's 
"  Roofs  and  Bridges,"  Part  I,  Stresses;  Part  II,  Graphic  Statics;  Part  III,  Bridge  Design;  Part  IV, 
Higher  Structures;  Johnson,  Bryan  and  Turneaure's  "Framed  Structures,"  Part  I,  Stresses, 
Part  II,  Statically  Indeterminate  Structures  and  Secondary  Stresses;  Part  II,  Design  (in  prep- 
aration); Marburg's  "Framed  Structures,"  Part  I,  Stresses;  SpoflFord's  "Theory  of  Structures," 
stresses  in  structures;  DeBois's  "Framed  Structures";  Burr  and  Falk's  "Design  and  Construction 
of  Metallic  Bridges";  Skinner's  "Details  of  Bridge  Design,"  Parts  I,  II,  III;  Moore's  "Design 
of  Plate  Girders";  Ketchum's  "The  Design  of  Highway  Bridges,"  stresses,  details  and  design. 


CHAPTER  V. 
Retaining  Walls. 

Ihtroducti(m. — ^A  retaining  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
some  other  granular  mass  which  possesses  some  frictional  stability.  The  pressure  of  the  material 
supported  will  depend  upon  the  material,  the  manner  of  depositing  in  place,  and  upon  the  amount 
of  moisture,  and  will  vary  from  zero  to  the  full  hydraulic  pressure.  If  dry  clay  is  loosely  deposited 
behind  the  wall  it  will  exert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cause  the  bank  to  shrink 
away  from  the  wall  and  there  will  be  no  pressure  exerted.  On  the  other  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  moving  loads  or  by  saturation,  and  the  maximum  theoretical 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  cohesion, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohesion  and  of  limiting  the  extent  of  the  mass  is  considered  in  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Nomenclature. — ^The  following  nomenclature  will  be  used: 

^  ^  the  angle  of  repose  of  the  filling. 

^'  —  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 

B  -  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the  heel  of  the 
wall  and  extending  from  the  back  into  the  fill. 

i  »  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  6  is 
positive  when  measured  above  and  negative  when  measured  below  the  horizontal. 

t  ="  the  angle  which  the  resultant  earth-pressure  makes  with  a  normal  to  the  back  of  the  wall. 

X  s  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 

h  «  the  vertical  height  of  the  wall  in  feet. 

d  »  the  width  of  the  base  of  the  wall  in  feet. 

b  s  the  distance  from  the  center  of  the  base  to  the  point  where  the  resultant  pressure,  E,  cuts 
the  base. 

P  —  the  resultant  earth-pressure  per  foot  of  length  of  wall. 

E  a  the  resultant  of  the  earth-pressure  and  the  weight  of  the  wall. 

V  s  the  weight  of  the  filling  per  cubic  foot. 

W  =  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 

pi  »  the  pressure  on  the  foundation  due  to  direct  pressure. 

p%  s  the  pressure  on  the  foundation  due  to  bending  moments. 

p  »  the  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 

y  »  the  depth  of  foundation  below  the  earth  surface. 
Calcnlatioii  of  the  Pressure  on  Retaining  Walls. — ^To  fully  determine  the  pressure  of  the 
filling  on  a  retaining  wall  it  is  necessary  that  the  resultant  of  the  pressure  be  known  (a)  in  amount, 
{b)  in  line  of  action,  and  {c)  in  point  of  application.  Many  theories  have  been  proposed  for 
finding  the  pressure,  each  differing  somewhat  as  to  the  assumptions  and  results.  All  theories 
for  the  design  of  retaining  walls  that  have  any  theoretical  basis  come  in  two  classes:  (i)  the  Theory 
of  Conjugate  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine's  Theory,  and  (2) 
the  Theory  of  the  Maximum  Wedge,  probably  first  proposed  by  Coulomb,  and  commonly  known 
as  Coulomb's  Theory.  Rankine's  Theory  determines  the  thrust  in  amount,  in  line  of  action,  and 
in  point  of  application.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
line  of  action  and  point  of  application  must  be  assumed,  thus  leading  to  numerous  solutions  of 
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more  or  lesa  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  applied  at  one-tbird  the  height  for  a  wall  with  a  level  or  inclined  surcharge,  as  is  given 
by  Rankine;  but  the  resultant  is  assumed  as  makii^  angles  with  a  nornial  to  the  back  of  tbe 
wall  varying  from  lero  to  the  angle  of  repose  of  the  filling.  In  Raoldne's  solution  the  resultant 
I»«asuTe  is  parallel  to  the  plane  of  the  surcharge  for  a  vertical  wall  witb  a  level  or  positive  surcharge. 

(l)  RAimnE'S  THEORY.— In  this  theory  the  filling  is  assumed  to  consist  of  an  incom- 
presuble,  homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  by 
friction  on  each  other;  tbe  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  ia  equal  to  the  angle  of  internal  friction,  and  (6)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  veri&ed  by  experiments  on  semi- 
fluids.  Ranldne  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surchai^,  and  on  a  vertical  wall  with  a  aurchai^  equal  to  t,  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructing  tbe 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

RuiUne's  FonDulas. — With  a  vertical  wall  and  a  horizontal  surcharge,  Fig.  I,  the  total 
resultant  pressure  is 

F-i«-y  I  ~^*  (1) 

where  w  is  the  weight  of  the  filling  in  lb.  per  cu.  ft.,  h  is  the  depth  of  the  wall  in  feet,  ^  is  the  angle 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  tbe  wall  in  pounds.  Tbe  resultant 
pressure,  P,  will  be  horizontal. 
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For  a  vertical  wall  with  surcharge  at  an  angle  i.  Fig.  3,  the  pressure  is  given  by  the  fonnula 


,  cos  *  —  VcoB*!  —  o 


cos  J  +  ■V  cos"  J  —  cos*  ♦ 
Wlicrc  I  is  equal  to  ^,  fonnula  (i)  becomes 

P  -  jtc-A'cos^  /  IS) 

The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surchai^  (many  authors  have  incorrectly  assumed  that  the  resultant  presniie  is 
alw.iys  parallel  to  the  top  surface  of  the  surcharged  filling). 

Incllaod  Retftinlng  WalL — The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress — see  tbe  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevaten." 
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The  presaure  on  an  inclined  retaining  wall  may  also  be  calculated  by  means  tA  the  graphic  solution 
•bown  in  Fig.  3  if  the  direction  of  the  thrust  be  known.  From  Ranldne's  theory  we  know  that 
the  resultant  pressure  on  a  vertical  reUining  wall  is  always  parallel  to  the  top  surface  where  the 
surcharge  is  level  or  u  inclined  upwards  away  from  the  wall.  The  presaure  on  a  retaining  wall 
inclined  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3.    Pressure  on  an  Inclined  Retaining  Wall. 


In  Fig.  3  tbe  retaining  wall  A  CDB  sustains  the  pressure  of  a  filling  havii^  an  angle  of  repoar 
4,  and  sloping  up  away  from  the  top  of  the  wail  at  an  angle  i.  Calculate  F'  the  pressure  un  the 
plane  E-B  by  means  of  formula  (3).  P'  acts  at  a  point  iEB  above  B  and  is  parallel  to  the 
top  surface  DE.  Let  the  weight  of  the  triangle  of  filling  DBE  be  G,  which  acts  through  the 
center  of  gravity  of  the  triangle  and  intersects  P'  at  poiht  O.  Then  P,,  the  resultant  of  P' 
and  G,  will  be  the  resultant  pressure  at  0,  and  makes  an  sr^le  s  with  a  normal  to  the  back  of  the 
wall,  and  an  angle,  X  -  0  +  ■  —  qo°  with  the  horizontal. 

(3)  COXnX>UB'S  THBORT.— In  this  theory  it  b  assumed  that  there  is  a  wedge  having 
tbe  wall  as  one  side  and  a  plane  called  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  of  the  wall.  It  may  coincide  with  the  plane  of  repose.  For  a  wall  without  surcharge 
(horizontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  bisects  the  angle 
between  tbe  plane  of  repose  and  the  back  of  the  wall.  This  theory  does  not  determine  the  direc- 
tion of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  tbe  resullanC 


Algebndc  Uothod. — In  Fig.  4,  the  wall  with  a  height  A,  slopes  toward  the  earth,  being  in- 
clined to  tbe  horixontal  at  an  angle  9,  and  the  earth  has  a  surcharge  with  slope  S,  which  is  not 
greater  than  4,  the  angle  of  repose.  It  is  required  to  find  the  pressure  P  against  the  retaining 
wall,  it  being  assumed  that  the  resultant  pressure  makes  an  angle  t  with  the  back  of  the  wall. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  A  E,  will  produce  the  maximum  pressure  on  the  wail  and  on  the  earth  below  the  plane,  and 
that  in  turn  the  prism  will  be  supported  by  the  reactions  of  the  wall  and  the  earth.  Let  OW 
repment  the  weight  of  the  prism  ABE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wall,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  will  be  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
will  therefore  be  components  of  OW.     When  the  prism  A  BE  is  just  on  the  point  of  moving  OP 
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will  make  an  angle  with  a  noimal  to  the  back  of  the  wall  equal  to  i  {different  authorities  assume 
values  of  i  from  lero  to  *',  the  ai^le  of  friction  of  earth  on  masonry,  or  ^,  the  angle  of  repose  of 
earth);  while  OR  will  make  an  angle  with  the  normal  to  the  plane  of  rupture  A  E  equal  to  «. 
Let  P  represent  the  pressure  OF  against  the  wall,  W  represent  the  weight  of  the  prism  of  earth, 
and  u>  the  weight  per  cu.  ft. 


In  the  triangle  OWR  angle  WOR  =  i  -  *,  and  angle  ORW  =  »  +  *  +  s-i.  Through  E 
draw  EN,  making  the  angle  AEN  =•  B  +*+t-x  with  AE.  Then  the  triangle  AEN'a 
wmilar  to  triangle  ORW,  and 

P  EN  .  D  H7  E'V 

But  H' equals  warea  triangle  ABE  =  \vi-AB-BE-^n  (fl  -  S),  and 

„,-,-«  AB-BE-EN  ,  . 

P  -  itti-sin  (B-S) j-^ (4) 

Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  I,  which 
may  be  found  by  differentiating  (4)  and  placing  the  result  equal  to  zero. 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

sin'  (9  —  *)  ,  , 

sm"  fl.sm  {»  +  '){'  +^|^i„^e  +  s).sin  (6  -  i)  ) 
-iwi'-K  (6) 

which  is  the  general  formula  for  the  pressure  on  a  retaining  wall. 

Now  if  X  in  (5)  is  made  equal  to  *',  the  angle  of  repose  of  earth  on  the  wall, 

p  .  j„.*. ^i-^fl^*} 


/  Isin  (0  +  »')-sin  (*-t)\- 

>V  "^'Vsm(e+*')-sin(9-*)y 


s  formula  (jo)  in  another  form. 


GRAPHIC   METHOD, 
a  (s)  is  made  equal  to  I,  and  8  made  equal  to  90°, 


'(•^r 


(*  +  8)-Bin(»-J)V 


irhich  is  Rankine'a  formula  (2)  in  another  form. 
If  1  in  (5)  is  made  equal  to  zero, 

F  .  i„.f ""'"-" 

■li.i-aCi   I    .;m«"(»-')V 
»°  'l.'+V»...ri»(.-«; 

wbkb  gives  the  norma]  pressure  on  a  wall. 
If  tin  (9)  -90*, 

p  .  i„.i. ^t* 


n  (10)  -  0-, 


'       '"  "  (1  +  «n  ♦)•  ■ 

-  ivi-h'  tan"  (45°  -  J*)  (11) 

which  is  Ranldne's  formula  (i)  for  a  vertical  wall  without  surcharge. 

Gia^c  Method. — If  the  angle  i,  the  angle  between  the  back  of  the  wall  and  a  normal  to 
the  wall,  is  known,  the  resultant  prefiaure  on  a  wall  may  be  calculated  by  a  graphic  method, 
Fm-  5,  ba«ed  on  the  "theory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will  be 
described-— the  proof  of  the  method  is  given  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


Fig.  5- 

In  I^g.  5  the  retaining  wall  AB  sustains  the  pressure  of  the  filling  with  a  surcharge  I  and 
aa  angle  of  repose  ^.     It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  solution  is  as  follows:  Through  B  in  Fig.  5  draw  BM  making  an  angle  with  BF, 
the  normal  to  AD,  equal  to  X  =  8  +  s  —  90°,  the  angle  that  P  makes  with  the  horizontal.     With 
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^ameter  AD  describe  arc  A  CD.    Draw  MC  normal  to  AD  and  with  i4  as  a  center  and  a  radius 

AC  describe  arc  CN,  Then  A  N  ^  y,  AM  =  6  and  y  =  Vfl>6.  Draw  EN  parallel  to  BM. 
With  i^  as  a  center  and  radius  E  Nt  describe  arc  ES.  Then  AE  is  the  trace  of  the  plane  of 
rupture,  and  P  =  area  SEN'W, 

Cain's  Fonnulas.'* — Professor  William  Cain  assumes  that  the  angle  s  is  equal  to  <l>',  the 
ai^le  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5)  we  have  for  a 

Vertical  WaU  With  Letfel  Surface,  d  >  o. 


where 


p.j«,.A.(f^y_L^  (,3) 

'  \»  +  1/  cos^'  ^  '^^ 

If  COS  <t>' 

If  ^  a  ^'1  then  n  "B  v^  2  sin  ^,  and 

P'boh^,     /^*-,,  (14) 

(i  -f  sm  ^V2)« 

If  4f'  =■  o,  then 

P-}i£;.A«.tan«(45°-j)  (15) 

Vertical  WaU  With  Surcharge  »  i, 

where  . 

^     /sin  (»  +  »0-9in  (0  ~  J) 

**\  C08^'-C0S« 

If  3  «  ^, 

p  =  l«,.;i.£2f*  (,7) 

COS  ^ 

If  ^'  =  o,  and  5  =B  ^, 

P  =  iwA'cos^^  (18) 

IncUned  WaU  With  Horizontal  Surface. 


where 


D      1.    .«/   8in«^-»)  V  I  . 


sin  ^ 
sin  0 


Vsin  (^  +  00-sii 
sin  (0'  H-^)-sii 

Inclined  WaU  With  Surcharge  =  h. 

z>      1     M^   sin  (g  - »)  \»  I  .^. 


where 


VsinJ^  +  ^O'sin  (0  ~  g) 
8in(*'>d)-sin(tf-«)' 


Wall  ^th  Loaded  Filling.— In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  h\  by  dividing  the  loading  per  sq.  ft.  by  w.  Let  h  -\-  h\  ^  H,  Then  the  resultant 
pressure  for  a  wall  with  height  H,  will  be 

Pi^  iw'IP'K  (21) 

and  the  resultant  pressure  for  a  wall  with  height  hi,  will  be 

Pi  ^  iw'hi^'K  (22) 

*  Professor  Rcbhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Fig.  5. 
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The  pressure  on  the  wall  AD  will  be 

P  -  Ft-  Pi-  Mfl"  -  *i')K  (33) 

and  the  point  of  application  is  through  the  center  of  gravity  of  ADGE,  which  makes 

^  -  * ffTil ^^^ 


I 


"fl 
y,  I 


,yrs- 


Fig.  6. 


'W»3ia  With  N«gatiTe  Snrchargfl- — For  the  calculation  of  the  pressures  oa  retaining  walla  with 
negative  surcharge, !  negative,  see  the  author's  "  The  E>esigD  of  Walla,  Bins  and  Grain  Elevators," 
second  edition. 

STABILITT  OF  RETAimNQ  WALLS.— A  retainii^  wall  must  be  stable  (i)  againat 
overturning,  (3)  against  sliding,  and  (3}  against  crushing  the  masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  b  the  ratio  of  the  weight  of  a  tilling  having  the  same 
angle  of  internal  (riction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  o{  3  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
that  for  whkh  the  wall  is  built. 

I.  Overtmaing. — In  Fig.  7,  let  P,  represented  by  OP",  be  the  resultant  pressure  of  the  earth, 
and  W,  represented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
E,  represented  by  OR,  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 

I>raw  OS  through  the  point  A.  For  this  condition  the  wall  will  be  just  on  the  point  of 
overtumir^,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
for  £  =  Ofi  will  be 

/,  -  SWIRW  (35) 

3.  SUdliig. — InF^.  7  construct  the  angle  HiGequal  to  ^',  the  angle  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  1,  and  takes  the  direction  OQ,  the  wall  will  be  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding,  /.,  will  be  unity.  For  B  "  OR,  the 
factor  of  safety  against  sliding  will  be 

/.  -  QM'IRM  (36) 

Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  gainst  sliding  is  sometimeB  given  aa 


H 


n  *'.  {37) 

where  n  is  the  horizontal  component  of  P.     Equations  (a6)  and  (a?)  give  the  same  values  only 
where  the  resultant  P  is  horizontal. 

3.  Cmihlng. — In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F,  which 
pioduces  a  uniform  stress,  p\  =  F/d,ovfT  the  area  of  the  base,  and  a  bending  moment  ■=  F-b, 
which  produces  compression,  pt.  on  the  front  and  tension,  /t,  on  the  back  of  the  foundation. 
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The  sum  of  the  tensile  stresses  due  to  bending  must  equaJ  the  sum  of  the  compressive  stresses, 
=  iP><^-  These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  stress  triangles  on 
each  side,  and  the  resisting  moment  is 

Af'  ■'ih-did-ih-d'  (38) 


«"'f 


Fig.  7. 
But  the  resisting 


The  total  stress  < 

Now  if  6  -  id.  \ 


equals  the  overturning 
\pid*  =  Fb. 

6F-b 
ft-*-*- 
n  the  foundation  then  is 

P-px'^pt-  pi(.i  ± 
e  will  have 

p  -  ap,.    or    o. 


(39) 

(30) 


In  order  therefore  that  there  be  no  tenwon,  or  thai  the  compression  never  eiKxed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compres«on  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

P  -  \pa 


*"7 


(31) 


which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tension. 

General  Principles  of  Design. — The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filKi^,  the  angle  of  internal  friction  of  the  filling, 
the  surcharge,  and  the  height  and  shape  of  the  wall.     The  resisting  moment  depends  upon  the 
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weight  of  the  masonry,  the  width  of  the  foundation,  and  the  cross-section  of  the  wall.  The  most 
economical  section  for  a  masonry  retaining  wall  is  obtained  when  the  back  slopes  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walls  with  a  slight  batter  forwards.  The  front  of 
the  wall  b  usually  built  with  a  batter  of  from  J  in.  to  I  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base  by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall.  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  all  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  in  selecting  the 
proper  values  of  w  and  ^,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  preceding 
discussion  that  the  value  of  the  thrust  increases  very  rapidly  as  ^  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carrying  a  railroad  track,  buildings, 
or  other  loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
footing,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers'*  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
solid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  back  of  the  expansion  joints  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  be  from  i  to  i  of  an  in.  in  width,  and 
should  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  waU  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coadng.  The  jnost  satisfactory  waterproof  coating  known  to  the  author  is  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.     The  Portland 
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cement  and  kerosene  should  be  mixed  thoroughly  and  the  coal  tar  then  added.  In  cold  weather 
^  the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evaporation. 
Tbis  paint  not  only  covers  the  surface  but  combines  with  it,  so  that  two  or  three  coats  are  some- 
dmes  required.  While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
OMMSt  or  wet  concrete.  In  building  retaining  walls  in  sections,  the  end  of  the  finished  section  should 
be.  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  sqction. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofing  bridge  floors  in  Chap- 
ter IV. 

DBSIGN  OP  RETAINING  WALLS.— The  design  of  masonry  retaining  walls  wUl  be 
illustrated  by  the  design  of  the  retaining  walls  for  West  Alameda  Avenue  Subway,  taken  from 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Design  of  Retaining  Walls  for  West  Alameda  Avenue  Subway,  Denver,  Colorado. — ^The 
height  of  the  walls  varied  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact 
gravel  to  a  mushy  clay.  The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part  Portland  cement,  3  parts  sand 
and  5  parts  screened  gravel.  Crocker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers. 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  of 
filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  li  :  i  (0  "  33°  40');  surcharge,  600  lb. 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  following  dimensions  were  taken:  Width  of  coping  2  ft. 
6  in.,  thickness  of  coping  i  ft.  6  in.,  batter  of  face  of  wall  }  in.  in  12  in.,  batter  of  back  of  wall 
3 J  in.  in  12  in.,  width  of  base  15  ft.  2|  in.  (ratio  of  base  to  height  =  0.52),  front  projection  of 
base  4  ft.,  other  dimensions  as  shown  in  Fig.  9.  The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length. 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultant 
pressure  of  the  filling  on  the  plane  A-2  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  to  be  P'  =  17.290  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wall  is 
W  —  16,435  lb.,  acting  through  the  center  of  gravity  of  the  filling.  The  resultant  of  P'  and 
If^'  is  P  =  23,850  lb.  =  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  weight 
of  the  masonry  is  PT  =  33,144  lb.,  acting  through  the  center  of  gravity  of  the  wall,  and  the  re- 
sultant of  P  and  W  is  E  =  52,510  lb.  =  the  resultant  pressure  of  the  wall  and  the  filling  upon 
the  foundation.  The  vertical  component  of  £  is  P  =  49»58o  lb.,  and  cuts  the  foundation,  b  ^  2.1 
ft.  from  the  middle. 

1.  Stability  Against  Overturning.— Th^  line  OD  in  this  case  is  nearly  parallel  to  the  line  QW 
which  brings  the  point  5  in  Fig.  9  at  a  great  distance  from  the  point  W.  The  factor  of  safety 
against  overturning  was  calculated  on  the  original  drawing  and  found  to  be  /o  >  25. 

2.  Stability  Against  Sliding, — ^The  coeflicient  of  friction  of  the  masonry  on  the  footing  will 
be  assumed  to  be  tan  ^'  =  0.57  and  ^'  =  30®.  Through  0,  Fig.  9,  draw  OQ^  cutting  the  base  of 
wall  5i4  at  6,  and  making  an  angle  ^'  =  30®  with  a  vertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  will  be 

/.  -  QM'IRM  -  2.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will  increase  the  resistance 
against  sliding. 
\  3.  Stability  Against   Crushing. — In  Fig.  9  the  direct  pressure  will  be  ^i  «  49,580/15.21 

=  3,220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 

/>»  =  ±  6F-bld*  =  =*=  (6  X  49,580  X  2.i)/23i.4  «  =*=  2,700  lb.  per  sq.  ft.,  and  the  maximum 
»»re  is 

p  =  3,220  -f  2,700  =  +  5,920  lb.  per  sq.  ft. 
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and  the  minimum  preasure  is 

p  —  3,220  —  2,700  -  +  520  lb.  per  aq.  ft. 

The  allowable  pressure  was  6,000  lb.  per  eq.  ft.,  so  that  the  pressure  is  safe  for  a  compact  graveL 
Where  the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
the  footing  on  the  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 


Fig.  9.    Retaining  Wall,  West  Alaheda  Avenue  Subwav. 

4.  Upward  Presture  on  Front  Prejeclian  of  Foundation. — Where  projections  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessary  to  reinforce  the  base  to  prevent  the  projection 
breaking  oS  in  line  with  the  face  of  the  wall.  The  bending  moment  of  the  upward  pressure  about 
the  front  face  of  the  wall  from  Fig.  9  is 

M  =  i(5.9w  +  4,I30)  X  4  X  2.1  X  12 


The  tensioa  on  the  concrete  at  the  bottom  of  the  footing  will  be 

/  -  M-dl  -  M-dl2l  -  C506.000  X  a7)/i57,4«4 
—  88  lb-  per  sq.  in. 

Since  the  ultimate  strength  of  the  concrete  in  tension  is  approximately  200  lb.  per  sq.  in., 
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-B  and  3  in.  from  the 


no  reinforcing  is  required.     However,  J  io.  D  bare  were  placed  i8  in.  C 
bottom  of  the  foundation. 

Data. — The  coefficients  of  friction  of  various  materials  are  given  in  Table  L  The  angles  of 
repose  of  different  materials  are  given  in  Table  IL  The  conditions  of  surface  and  amount  of 
mcHsture  cause  wide  variations  in  the  coefficients.  Additional  data  for  the  design  of  retaining 
walls  are  given  in  Tables  III  to  VI. 

TABLE  !. 
Coefficients  of  Friction, 


Materia*. 

Coeffidoiu. 

MiUriaiM. 

Cocmdeot*. 

Dry  masonry  on  dry  masonry 

Maaonry   on   masonry   with   wet 

0.6   to  0.7 

0.7s 

0.4 

0.3    to  0.7 

o.t    to  0.5 

o.s    to  0.6 

0.33 

0.3S  to  i.o 

0.7 

0.6s 

Hard  brick  on  hard  brick 

Concrete     blocks     on     concrete 

TABLE  II. 
Ancles  of  Repose,  *,  for  •Materials. 


* 

« 

Earth  loam 

30°  to  45" 
IS"  to  3S° 

IS"  to  30° 

Gay 

2S»t0  4S' 
JO"  to  40" 

IS"  to  40° 
30»  to  45° 

' 

TABLE  III. 
Allowable  Pressure  on  Foundations, 


TABLE  IV. 
Allowable  Pressure  on  Masonry. 


Material. 

FnHUie  In  Ton*  ih  Sq.  Ft. 

IS 

IS 

JO 

Sandstone,  first  class  masonry 

Portland  cement  concrete,  1-1-4 

Portland  cement  concrete.  1-3-6 
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TABLE  V. 
Weight,  Specific  Gravity  and  Crushing  Strength  of  Masonry. 


AlAtcriflilSt 


Sandstone 

Limestone 

Trap 

Marble 

Granite 

Paving  brick,  Portland  cement . .  . 
Stone  concrete,  Portland  cement. . 
Cinder  concrete,  Portland  cement. 


Weight  in  Pounds 
per  Cubic  Foot. 


ISO 
l6o 
i8o 
i6s 
i6s 
ISO 
140  to  ISO 
112 


Specific  Gnvity. 


:i 


2.i 

2. 

2.9 

2.7 

a.7 

2.4 

2.2  to  2.4 

1.8 


Crushing  Strength  in 
Pounds  per  Square  Inch. 


4,000  to 
6,000  to 
19,000  to 
8,000  to 
8,000  to 
2,000  to 
2,soo  to 
1,000  to 


15,000 
20,000 
33,000 
20,000 
20,000 
6,000 
4,000 

2,S00 


TABLE  VI. 
Weight  of  Different  Materials. 


Materials. 

Wt.  per  Cu.  Ft..  Lb. 

Materials. 

Wt.  per  Cu.  Ft..  Lb. 

Loam,  loose 

75  to    90 
90  to  100 
90  to  1 10 

Sand,  wet 

1 10  to  120 
120  to  13s 
lOS  to  120 

Loam,  rammed » . . . . 

Gravel 

Sand,  dry 

Soft  flowin?  mud 

For  specifications  for  concrete,  plain  and  reinforced,  see  Chapter  VI. 

EXAMPLES  OF  RETAINING  WALLS.— Details  of  six  masonry  retaining  walls  with  a 
gravity  section  are  given  in  Fig.  10.  These  retaining  walls  represent  the  best  practice.  Details 
of  four  reinforced  concrete  retaining  walls  are  given  in  Fig.  11.  For  additional  examples  see 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

The  contents  of  standard  concrete  retaining  walls,  as  designed  by  the  Illinois  Central  Rail- 
road, are  given  in  Fig.  12. 

Concrete  Retaining  Walls.  Methods  of  Constructing  Forms. — Forms  for  a  retaining  wall 
may  be  built  in  sections,  or  may  be  built  up  each  time  they  are  used.  The  former  method  is 
much  the  cheaper,  especially  for  plain  concrete  walls  where  the  sections  between  expansion  joints 
are  of  equal  length.  The  forms  used  on  the  C.  B.  &  Q.  R.  R.  walls  shown  in  Fig.  13  are  shown 
in  Fig.  14.  The  studs,  coping  and  bottom  forms  for  the  face,  and  the  back  forming  are  sectional, 
while  ordinary  sheeting  is  used  between  the  coping  and  bottom  forms.  No  attempt  was  made 
to  use  sectional  forms  on  the  face  of  the  wall,  because  the  sections  soon  become  badly  warped, 
making  a  rough  wall.  The  concrete  had  a  tendency  to  lift  the  forms  and  they  were  tied  to  bars 
imbedded  in  the  footings  as  shown.  The  sectional  forms  were  12  ft.  o  in.  long,  while  the  studs 
were  spaced  3  ft.  o  in.  center  to  center. 

The  forms  for  the  Illinois  Central  R.  R.  retaining  wall  shown  in  Fig.  10  are  shown  in  Fig.  15. 
The  forms  were  built  in  sections  54  ft.  long.  The  forms  were  cross-braced  by  1  in.  rods  spaced 
7  ft.  8§  in.  center  to  center  as  shown.  When  the  forms  were  taken  down  the  ends  of  these  rods 
were  unscrewed,  the  main  portion  of  the  rod  being  left  in  the  wall.  The  forms  were  made  of 
2  in.  plank  surfaced  on  the  inside. 

The  forms  used  by  the  Chicago  and  Northwestern  Ry.  on  track  elevation  in  Chicago  are 
shown  in  Fig.  16.  The  forms  were  built  in  sections  35  ft.  long.  The  2  in.  X  8  in.  braces  were 
used  to  hold  the  sides  of  the  forms  apart  and  were  removed  as  the  concrete  was  put  in  place.  The 
2  in.  pipe  used  to  cover  the  rod  bracing  was  old  boiler  flues  and  rejected  pipe. 

Ingredients  in  Concrete. — ^The  proportions  of  concrete  materials  should  be  stated  in  terms 
of  the  volume  of  the  cement.  The  volume  of  one  barrel  or  four  bags  of  cement  is  taken  as  3.8 
cu.  ft.,  and  the  sand  and  aggregate  are  measured  loose.  Concrete  mixed  one  part  cement,  2  parts 
sind,  and  4  parts  stone  is  commonly  called  1:2:4  concrete.     The  proportions  should  be  such 
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that  there  should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  than 
enough  mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  from  40  to  45 
per  cent,  the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where 

c  »  number  of  parts  of  cement; 

s  —  number  of  parts  of  sand; 

g  =  number  of  parts  of  gravel  or  stone. 


Then 


II 


p  =  number  of  barrels  of  Portland  cement  required  for  one  cu.  yd.  concrete. 


2- ^^  =  number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 

27 

2 ^  =  number  of  cu.  yd.  gravel  or  stone  required  for  one  cu.  yd.  concrete. 

27 


Fig.  12.    Contents  of  Concrete  Retaining  Walls,  Illinois  Central  Railroad. 

The  materials  for  one  cu.  yd.  of  i  12:4  concrete  will  then  be:  Portland  cement  1.57  barrels, 
sand  0.44  cu.  yd.,  gravel  or  stone  0.88  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  i  :  2i  :  5  to  i  :  3  :  6,  while  the  pro- 
portions for  reinforced  walls  vary  from  i  :  2  :  4  to  i  :  2)  :  5. 

Miring  and  Placing  Concrete. — For  mixing  concrete  a  batch  mixer  in  which  the  materials 
can  be  definitely  proportioned  and  thoroughly  mixed  is  to  be  preferred.  In  cold  weather  the 
concrete  materials  should  be  heated  by  the  addition  of  boiling  water  to  the  mixer.  To  prevent 
scalding  the  cement  the  sand,  aggregate  and  hot  water  should  first  be  placed  in  the  mixer  and, 
after  giving  it  several  turns  to  remove  the  frost,  the  cement  should  be  added  and  the  mixing 
completed. 

The  author  uses  the  following  specifications  for  placing  concrete  in  cold  or  freezing  weather. 
"When  the  temperature  of  the  air  during  the  time  of  mixing  and  placing  is  below  40**  Fah.  the 
water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature,  that  the  temperature 
of  the  concrete  when  deposited  in  the  forms  shall  not  be  less  than  60®  Fah.  Care  shall  be  used 
not  to  scald  the  cement." 

Where  the  wall  is  in  a  cut  and  the  materials  can  be  delivered  on  the  bank,  the  mixer  may  be 
installed  on  the  bank  above  and  the  concrete  wheeled  or  chuted  to  place.  Concrete  should  not 
be  chuted  in  freezing  weather.     In  building  the  West  Alameda  Avenue  Subway  retaining  walls. 


SPECIFICATIONS  FOR  CO 

Denver,  Colo.,  the  gravel  and  sand  were  take 
insulled  at  the  foot  of  movable  towera,  and  thi 

Od  railroad  work  the  mixer  may  be  mouni 
other  can,  and  the  concrete  is  dumped  or  chul 


Fig.  13.    Retaining  Wall,  C.  B. 
&  Q.  R,  R. 


SPBCIFICATIOITS    FOR    COITCRBTE 

have  been  taken  from  the  specifications  prepare 
for  the  concrete  retaining  walls  for  the  West  A 

16.  MATERIALS.  Cement— The  cemer 
an  or  in  store  houses  at  the  site  of  the  work 
>hall  meet  the  requirements  of  the  Standard  5 
Materials. 


17.  Conoate  Axgrente.— The  fine  aggreg 
coarse  aggregate  shall  all  be  retained  on  a  sere 
3  in.  mmh.     The  sand  and  gravel  shall  be  obi 


Subway.    The  Consulting  Engineers  r 
■creeoed  gravel  (§34  and  1 35)  from  time  lu  m 
of  desired  consistency.     Payment  to  the  Cant. 
of  unit  price  per  cubic  yard  of  gravel  mcasureti 

18.  Water. — The  water  used  in  mixing  c 
from  acids  and  injurious  oils,  alkalies  or  vegeta 

19.  Lnmber. — Lumber  for  forms  shall  hai 


ijimber  for  backing  and  other  rough  work  n 
Uoda  aliove  soecified. 

20.  Reinlordng  SleeL — AIL  reinforcing  st< 
•pecifications  for  structural  steel  as  given  in  thi 
Eoginerring  Association. 

31.  EZCAVATIOH.— The  subway  is  beini 
•ball  make  all  necessary  excavations  for  wall  ai 
ibeeting  and  supports  and  bracing  to  hold  the  1 

17 
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The  cost  of  the  necessary  sheeting  and  supports  shall  be  included  ii    . ..    _ 
The  Contractor  shall  provide  all  pumps  and  other  equipment  incidental  t< 

22.  All  excavation  shall  be  measured  in  vertical  prisms  whose  end  are 
eixe  to  include  the  footing  courses,  and  the  sheeting  surrounding  the  same. 
shall  include  all  excavation  below  the  surface  of  standing  water  in  open  pits. 

23.  CONCRETE.  Uachine  Blizlng.— Machine  mixers,  preferably  of  the  batch  type,  sfaall 
be  used  except  where  the  volume  of  concrete  to  be  mixed  is  not  sufficient  to  warrant  their  use. 
The  requirements  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  con- 
sistency, and  thoroughly  mixed. 


24.  M'""E  b7  Hand. — When  it  is  necessary  to  mix  by  hand  the  mixing  shall  be  done  on  water 
tight  platforms  of  sufficient  size  to  accommodate  men  and  materials  for  the  progressive  and 
rapid  mixingot  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one- 
half  yard.  The  mixing  shall  be  done  as  follows:  The  line  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  aggregate  and  these  mixed  thoroughly  until  of  an 
even  color.  Then  add  the  coarse  aggregate  which,  if  dry,  shall  first  be  thoroughly  wet  down. 
The  mass  shall  then  be  turned  with  shovels  until  thoroughly  mixed  and  all  the  aggregate  covered 
with  mortar,  the  necessary  amount  of  water  being  added  as  the  mixing  proceeds. 

35.  Consistoncy.^The  material  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  which  on  the 
other  hand  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  the  separation  of  the 
coarse  aggregate  from  the  mortar. 

26.  Retempering. — Retempering  mortar  or  concrete,  i.  e.,  remixing  with  water  after  it  ha* 
partially  set  will  not  be  permitted. 
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27.  PUciiig  of  Concretc.-j-Conerete  after  the  addition  of  water  to  the  mix,  shall  be  handled 
rapidly  from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no  circumstances  shall 
concrete  be  used  that  has  partially  set  befoce  final  placing. 

28.  The  concrete  shall  be  deposited  in  such  a«manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moiyinsf  up  and  down  until  all  the  mgredients  have  settled 
in  their  proper  place,  and  the  surplus  water  i9  forced  to  the  surface.  All  concrete  must  be  de- 
posited in  horizontal  layers  of  uniform  thickness  throughout.  Temporary  planking  shall  be  placed 
at  ends  of  partial  layers  so  that  the  concrete  shall  not  run  out  to  a  thin  edge.  In  placing  concrete 
it  shall  not  be  dropped  through  a  clear  space  of  over  6  ft.  vertical.  For  greater  heights  a  trough 
or  other  suitable  device  must  be  used  to  deliver  the  concrete  in  pldce,  and  in  depositing  each 
batch  this  trough  or  other  device  must  first  be  carefully  filled  with  concrete  and  then  as  fast  as 
concrete  is  removed  at  the  bottom  it  shall  be  replenished  at  the  top. 

29.  The  work  shall  be  carried  up  in  alternate  sections  of  approximately  32  ft.  in  length  as 
shown  on  the  plans,  and  each  section  shall  be  completed  without  intermission.  In  no  case  shall 
work  on  a  section  stop  within  18  in.  of  the  top. 

30.  Before  depositing  concrete,  the  forms  shall  be  thoroughly  wetted,  except  in  freezing 
weather,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris.. 

31.  Expansion  Joints. — Expansion  joints  shall  be  provided  (sections  were  approximately 
32  ft.  long)  as  shown  on  the  plans.  The  wall  shall  be  constructed  in  alternate  sections,  the  ends 
of  the  sections  being  formed  by  vertical  end  forms,  the  section  being  completed  as  though  it  were 
the  end  of  the  structure.  BeK>re  placing  the  remaining  sections  the  end  forms  shall  be  removed 
and  the  surface  of  the  concrete  shall  be  painted  with  coal  tar  paint,  composed  of  sixteen  (16) 
parts  coal  tar,  four  {±)  parts  Portland  cement  and  three  (3)  parts  kerosene  oil.  The  expansion 
joints  shall  be  finished  on  the  exposed  side  by  the  insertion  in  the  forms  of  a  metal  mold  that  will 

S've  a  groove  i  in.  wide,  i  in.  deep  and  shall  have  a  draft  of  i  in.     The  wall  sections  shall  be 
eked  t<Mzether  by  means  of  bars  as  shown  on  the  plans. 

32.  Fonns. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  design,  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage  of 
mortar.  Where  comers  of  the  masonry  and  other  projections  liable  to  injury  occur,  suitable 
moldings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off.  Material  once 
used  in  forms  shall  be  cleaned  before  being  used  again. 

33.  The  forms  must  not  be  removed  within  36  hours  after  all  the  concrete  in  that  section 
has  bi»^n  placed;  in  freezing  weather  they  must  remain  until  the  concrete  has  had  sufficient  time 
to  become  thoroughly  set. 

34.  Proportioning. — In  proportioning  concrete,  a  barrel  or  4  sacks  of  Portland  cement  shall 
be  assumed  to  contain  3.8  cu.  ft.,  while  the  sand  and  gravel  shall  be  measured  loose  in  a  measuring 
vessel.    The  proportions  required  for  concrete  are  as  follows: 

For  footings,  walls  of  retaining  walls,  abutments,  and  pedestals,  one  (i)  part  Portland  cement, 
three  (3)  parts  sand  and  five  (5)  parts  gravel.  For  bridge  seats  and  copings,  one  (i)  part  Portland 
cement,  two  (2)  parts  sand  and  four  (4)  parts  gravel. 

35.  The  tops  of  the  bridge  seats,  pedestals,  and  copings,  shall  be  finished  with  a  smooth 
surface  composed  of  one  (i)  part  Portland  cement  and  two  (2)  parts  sand  applied  in  a  layer  i  in. 
thkk.    This  must  be  put  inplace  with  the  last  course  of  concrete. 

36.  Water-Proofing. — ^The  expansion  joints  in  the  retaining  walls  and  abutments  shall  be 
water-proofed  as  follows:  After  the  forms  have  been  removed  and  the  concrete  is  thoroughly 
dried,  the  back  of  the  wall  for  a  distance  of  18  in.  on  each  side  of  the  expansion  joints  shall  be 
mopped  with  hot  refined  coal  tar  pitch.  A  layer  of  burlap  shall  then  be  placed  so  as  to  cover  the 
expan^on  joints,  and  the  burlap  shall  be  mopped  with  coal  tar  pitch.  In  the  same  manner  two 
additional  layers  of  burlap  shall  be  applied,  making  a  3-ply  water- proofing. 

37.  Retnforcing  Bars. — Reinforcing  bars,  where  used,  shall  be  placed  3  in.  clear  from  the 
outside  surface  of  the  concrete,  and  shall  be  placed  in  the  position  shown  on  the  plans.  Care 
most  be  taken  to  insure  the  coating  of  the  metal  with  mortar,  and  a  thorough  compacting  of 
concrete  around  the  bars.     All  reinforcing  bars  shall  be  clean  and  free  from  all  dirt  or  grease. 

38.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precautions  are  taken  to  avoid  the  use  of  materials  containing  frost  or  covered 
with  ice,  and  means  are  provided  to  prevent  the  concrete  from  freezing.  Where  the  temperature 
of  the  air  during  the  time  of  mixing  and  placing  concrete  is  below  40®  Fahr.  the  water  used  in 
mixing  the  concrete  shall  be  of  such  a  temperature,  that  the  temperature  of  the  concrete  when 
dehvered  in  the  forms  shall  not  be  lower  than  60**  Fahr.  Special  precautions  shall  be  taken  not 
to  scald  the  cement. 

39.  Pladng  In  Water. — Concrete  shall  not  be  deposited  under  water  except  on  the  approval 
of  the  Consulting  Engineers.  Where  water  is  encountered  without  current,  but  in  such  quantity 
that  it  cannot  be  lowered  to  the  required  depth  and  maintained  there,  or  where  such  lowering 
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would  cause  further  difficulty,  concrete  may  be  deposited  through  troughs  or  other  device  in  the 
manner  designated  above. 

4a  Cleaniqg  Up. — Upon  the  completion  of  any  section  of  the  work  the  Contractor  shall 
Eemove  all  debris  caused  by  his  operations  and  leave  the  work  ready  for  backfilling. 

REFERENCES. — For  the  design  of  reinforced  concrete  retaining  walls,  examples  of  plain 
and  reinforced  concrete  retaining  walls,  details  of  construction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators."  For  a  discussion  of 
the  theory  of  the  pressures  in  granular  materials  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX,  Grain  Elevators;  also  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Ele- 
vators." 


CHAPTER  VI. 
Bridge  Abutments  and  Piers. 

Introduction. — ^An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
same  time  supports  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  pier  is  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
so  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  f^revent  undermining 
the  pier  by  the  scour  of  the  stream. 

TYPES  OP  ABUTBfENTS. — Masonry  abutments  may  be  classified  under  four  heads, 
Fig.  I,  (a)  straight  or  "stub"  abutments;  (b)  wing  abutments;  (c)  U  abutments;  (d)  T  abutments. 

(o)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  shown  in  Fig.  i,  is  an 
excellent  example  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  as  shown.  Straight  abutments  should  not  be  used  where  the  water  will  wash 
the  fill  away. 

(b)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  angle  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable. 

(c)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  I.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  run  back 
into  the  fill,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wings  should  be  extended  farther  into  the  bank. 

(d)  A  standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
span  is  shown  in  Fig.  i.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill;  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
finding  its  way  along  the  back  of  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABILITY  OP  BRIDGE  ABUTBfENTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (i)  against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V. 
The  method  of  design  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Desifn  of  Concrete  Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Cdorado. — ^The 
height  of  the  abutment  is  21  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  25  ft.  o{  in.  to  the  top  of  the  back  wall.  The  following  assumptions  were  made:  Weight  of 
concrete;  150  lb.  per  cu.  ft.;  weight  of  filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
i)  to  I  (^  s  33®  42');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
on  foun4ation  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  dimensions  given  in  Fig.  2  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (b)  with  no  live  load  on  the  bridge  and  no  surcharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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Fig.  I.    Types  of  Masonry  Abutments. 
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has  reached  the  point  2  in  (b),  Fig.  2.  The  weight  of  the  girders  and  the  live  load  was  assumed  as 
uniformly  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
and  one  lineal  foot  of  wall  was  investigated. 

Case  (a). — ^The  pressure  of  the  filling  on  the  plane  B-2  was  calculated  as  in  Chapter  V, 
Fig.  9,  and  is  P'  —  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapezoid  2-y-^-B, 
The  weight  of  the  filling  and  surcharge  is  W2-\-  Wi  ^  14,900  lb.,  which  when  combined  with  P* 
gives  the  resultant  pressure  of  the  filling  on  the  wall  »  P  s  20,900  lb.  The  pressure  P  is  then 
combined  with  the  weight  of  the  wall,  Wi  —  29,800  lb.,  and  with  the  dead  load  and  live  load 
from  the  girder  =  12,820  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  =  59,400  lb., 
and  acting,  6  »  1.4  ft.  from  the  center  of  the  wall,  and  F  «  57,500  lb. 

I.  Stability  Against  Overturning, — ^The  resultant  E  is  nearly  vertical  and  well  within  the 
middle  third,  so  that  the  wall  is  amply  safe  against  overturning. 
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Fig.  2.    Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colo. 


2.  Stability  Against  Sliding. — ^Assuming  that  <t>'  =  30®,  then  the  coefficient  of  friction  will 
be  tan  ^'  =«  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V,  the 
resistance  of  the  wall  against  sliding  will  be  57,500  X  0.57  =  32,765  lb.  The  sliding  force  is 
P^  «  14,700  lb.,  and  the  factor  of  safety  is  32,765/14,700  -  2.23,  which  is  ample. 

3.  Pressure  an  Foundation, — The  pressure  on  the  foundation  will  be  ^  =  F/d  =*=  6F*bld^ 
■■  -i-  5,740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe. 

4.  Upward  Pressure  on  Front  Projection  of  Foundation. — ^The  base  will  be  investigated  on 
the  plane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 
tioii.  The  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  (a),  Fig.  2, 
will  be 
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M  -  1(5,740  +  4.690)4  X  2.1  X  13 

-  535.67'  in-lb. 

an  the  concrete  at  the  bottom  of  the  footing  will  be 

^  "     I      "     3/     "         157.464 

-  93  lb.  per  aq.  in. 

is  safe,  but  1  in,   D  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottotn  of 

he  solution  is  the  same  as  for  (a)  except  that  the  live  load  from  the  girder  -  9,980 
large  load  I-3-5-6  =  Wi  =  6,63o  lb.  were  omitted.  The  wall  is  safe  for  over- 
ctor  of  safety  against  sliding  is  from  equation   (37)   Chapter  V,  /,  -  41.500 

1.6,  which  is  safe.  The  pressure  on  the  foundation  is  safe. 
ill  was  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
in.  D  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  from 
It  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall. 
S  OF  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
he  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
erage  pressure,  the  resultant  of  the  thrust  of  the  filling,  the  weight  of  the  masonry, 
bridge  and  the  live  load  must  strike  within  the  middle  third  of  the  base.  Where 
ts  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  serious 
rikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  the 

exceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
le  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  so 
It  will  not  tip  forward  in  settling.  It  Is  standard  practice  to  use  piles  in  the 
utments  resting  on  compressible  soil. 

;n  of  wing  walls  see  the  design  of  Retaining  Walls,  Chapter  V. 
□  the  requirements  for  stability  abutments  should  satisfy  the  followii^  additional 

tment  should  protect  the  bank  from  scour,  {b)  The  abutment  should  prevent 
drainage  from  washing  away  the  bank,     (c)  The  abutment  should  be  easily 

ssigo. — A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
t  less  than  -^  the  height  above  any  section;  and  project  the  footings  on  each 
Njuired.     Empirical  methods  of  design  often  give  unsatisfactory  results  and  are 

F  BRIDGE  PIERS.— Bridge  piers  must  be  designed  <i)  for  the  total  vertical 
ead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
sure  on  the  pier  and  the  bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4) 
tidinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
do  not  move  freely.  The  wind  pressures  are  calculated  as  specified  in  Bpcci~ 
tes,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
russ;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
'ity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
1  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
i  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 

the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calculate. 
.  flowing  stream  on  an  obstruction  is  given  by  the  formula 
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where  P  —  the  total  pressure  on  the  surface;  m  »  a  constant;  w  =  weight  of  a  cubic  foot  of 
water;  a  «  area  of  wetted  surface  normal  to  the  current  in  square  feet;  v  =  velocity  of  current 
in  feet  per  second;  and  g  «  acceleration  due  to  gravity  =»  32.2  feet.  The  value  of  m  varies  with 
the  shape  and  the  dimensions  of  the  pier.  Weisbach's  Mechanics  gives  the  following  data: — 
For  a  prism  three  times  as  long  as  broad,  m  =  1.33.  For  a  pier  five  or  six  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
fff  «=■  0.48.     For  a  square  pier,  m  —  1.28,  and  for  a  circular  pier,  m  =  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice,  which 
varies  from  400  to  800  lb.  per  sq.  in.  The  principal  danger  from  floating  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  under  the  pier  and  canse  failure.  To  prevent  this  it  is  quite  common  to  build  piers  with  a 
"break- water,"  "starkwater,"  "cutwater,"  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
pile  protection  on  the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
of  the  water  must  be  considered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  is  well  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 
height,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  PRESSURES  ON  FOUNDATIONS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drainage,  the  amount  of  lateral  support  given  by  the  adjacent 
material,  the  depth  of  the  foundation,  and  other  conditions,  so  that  it  is  not  possible  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  designed  a  moderate  settlement  of 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.     Professor  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Construction." 

TABLE  I. 
Safe  Bearing  Power  of  Soils.* 


Kind  of  Material. 


Rock  hardest  in  thick  layers  in  bed.  . . 
Rock  equal  to  best  ashlar  masonry ... 

Rock  equal  to  best  brick 

Rock  equal  to  poor  brick 

Qay  in  thick  beds,  always  dry 

Clay  in  thick  beds,  moderately  dry .  . . , 

Clay  soft 

Gravel  and  coarse  sand,  well  cemented. 

Sand  compact  and  well  cemented 

Sand  clean,  dry , 

Quicksand,  alluvial  soils,  etc 


Safe  Bearing  Power  in  Tons  per  Square  Foot. 


Min. 

Max. 

200 

— 

25 

30 

IS 

20 

5 

10 

4 

6 

2 

4 

I 

2 

8 

10 

4 

6 

2 

4 

°-5 

I 

Present  practice  is  more  nearly  given  by  the  values  in  Table  II.     Foundations  should  never 
be  placed  directly  on  quicksand. 

TABLE  II. 
Allowable  Bearing  on  Foundations. 


Kind  of  Material. 


Soft  day  or  loam 

Ordinary  clay  and  dry  sand  mixed  with  clay. 

Dry  sand  and  dry  clay 

Hard  clay  and  firm,  coarse  sand 

Firm,  coarse  sand  and  gravel 

Shale  rock 

Hard  rock 


Tons  per  Square  Foot. 

1 

2 

3 

t 

8 
20 


•  Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons. 
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Mr.  E.  L.  Corthell  gives  the  summary  of  the  pressures  on  deep  foundations  in  Table  III. 

TABLE  III. 
Actual  Pressures  on  Deep  Foundations.* 


Actual  Pressures  which  Showed  No  Settlement.                                               1 

Material. 

Number  of 
Examples. 

Pressure  in  Tons  per  Square  Foot. 

Maximum. 

Minimum. 

Average. 

Fine  sand 

10 

33 

lO 

5 

54 
7-75 

6.2 

8.0 

12.0 

2.25 
2-4 

I'S 

2.0 

3.0 

4.5 

51 

4.9 
2.9 

5.08 
8.7 

Coarse  sand  and  gravel 

Sand  and  clav 

Alluvium  and  silt 

Hard  clay 

Hard  pan 

Actual  Pressures  which  Showed  Settlement. 

Fine  sand 

Clay 

3 
5 

2 

3 

7.6 
7-4 

1.8 

1.6 
1.6 

... 

3.3 

Alluvium  and  silt 

Sand  and  clav 

The  data  in  Table  III  shows  that  great  care  must  be  used  in  determining  on  the  allowable 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soils  should 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  floating  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  size  of  the  runoff  area,  the  slope  and  size  of  the  stream 
and  upon  other  local  conditions.  The  "  Dun  Drainage  Table,"  Table  IV,  will  be  of  assistance  in 
assisting  the  judgment  of  the  engineer  in  determining  on  the  proper  waterway  for  any  bridge. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.     It  is 

A  =  cVm» 

where  A  »  area  of  the  required  opening  in  sq.  ft.; 
M  =  area  of  drainage  basin  in  acres; 
c  s  a  coefficient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 
of  the  soil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  :  c  =  }  to  i  for  steep  and  rocky  ground; 
c  s  )  for  rolling  agricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 
length  of  valley  3  to  4  times  its  width;  c  =  i  to  i  for  districts  not  affected  by  accumulated  snow 
and  where  the  length  of  the  valley  is  several  times  its  width. 

PREPARING  THE  FOUNDATIONS.— The  preparation  of  the  site  of  the  abutment  or 
pier  will  depend  up>on  the  conditions  and  character  of  the  material. 

Rock. — Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the  projections  or 
by  depKJsiting  a  layer  of  concrete. 

Hard  Ground. — ^The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  at 
about  2i  to  3  ft.  centers  over  the  foundation. 

♦  "  Allowable  Pressures  on  Deep  Foundations  "  by  E.  L.  Corthell,  John  Wiley  &  Sons. 
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TABLE  IV. 
The  Dun  Drainage  Table.* 
Atchison,  Topeka  &  Santa  Fe  Railway  System. 


1^ 


JOl 
.03 

.03 
u>4 
.OS 
.06 
.07 
.08 
.09 

.10 

.IS 

.30 

-as 

-30 

.35 
-40 

.50 

.55 

j6o 

.65 
.70 

.75 
.80 

.85 
.90 
•95 

1.0 

i.z 

1.3 

1-3 

1-4 

I.S 

Xj6 

1.7 
1.8 

1.9 

3wO 
3.3 

a.4 

3j6 

3.8 
3.0 
3.3 
3.4 
3^ 
3^ 
4^ 

4.a 

4-4 
4.6 
4.8 
S.O 

5-5 
6.0 

6.5 
7-0 

7.5 
8.0 

«.5 
9-0 

9.5 

10 


AREAS  OF  waterway. 


3.0 
4.0 

6.0 

7.5 

9.0 
lO.S 
X3.0 
13.5 
15 
16 

as 
3a 
8S 

44 
51 
56 
6a 
66 
70 
74 
78 
81 

85 
88 

91 

94 

97 
100 
ixo 
130 

130 

140 

ISO 

x6o 
170 
180 
190 

900 
330 

^ 

380 
300 
33X 
340 
357 
373 
388 

403 
4x7 
430 
443 
455 
4S3 
S09 
533 
556 

579 
6OX 
633 

660 
679 


1-24  in. 

1-34  " 

1-30  " 

1-36  " 

1-43  " 

1-43  '• 

1-48  " 

3-36  " 

2-36  " 

3-36  " 

2-48  " 

3-4a  " 

3-48  " 


3 
3 
3 

a} 
3 
3i 
3 


.1 


■  3 

•  3 

6 

6 

6 

8 

8 

8 

8 

8 

10 

10 

10 

10 

10 

10 

10 
13 
13 
13 
13 
13 

14 
14 
X6 
X6 

x6 
x6 
x8 

18 
18 

30 

30 
30 
33 
33 

a4 
a4 
38 
38 
38 
38 
38 
38 
38 
3a 
3a 
33 
33 
33 
33 
33 
33 
33 


X 
3 
3 
3 
3 
3 
4 
3 
3 
3 
4 
4 
5 

li 

5 

6 
6 

SI 

5 
Si 

6 

n 

5 
5 

6 

7 

8 

64 

7 

6* 

7 

74 

8 

7 
8 

94 
8 

9 

n 

9 

84 

9 

7 

74 

8 

84 
9 

94 
xxo 

X  74 
z  8 
X  9 
xxo 

XXI 

X  xx4 

X  13 
X  X34 

XX3 


X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


B 


«« 
il 
li 
t« 
«« 
(« 
«( 

a 

4« 

il 

41 

•« 
•« 
«« 
<« 
It 
<• 
•I 

•  • 
<i 
il 
il 
i« 
(t 
•1 
*1 
i« 
«« 
it 
it 
** 
tt 
it 
«t 
t( 
tt 
** 
tt 
tt 
t* 
tt 
(t 
tt 
It 
It 
ii 
(I 
tt 
It 
«t 
(t 

•  I 
it 
li 
tt 
il 
tt 
It 
t« 


Pbrcbntagb  or 
Column  3. 


8 
8 

•8 


5 


"8 

s 

9 


a 


los 
los 
xos 
xos 

X05 

xos 
xos 
105 
xos 
xos 

105 

los 
xos 
xos 
xos 
los 
los 
xos 
xos 
los 
105 
105 
105 
xos 
I  OS 
xos 
I  OS 
xos 
xos 

105 

los 
105 
105 
X05 
105 


t 

a 

ti 


8 


3 


98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98' 

98 

98 

98 

98 

98 

984 

98 

984 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

97 

93 

93 

93 


1 


XX 
X3 
13 
14 

X5 
x6 

X7 
x8 

19 

30 
33 

34 
36 
38 
30 
33 

34 

36 
38 

40 

45 

50 

55 
60 

65 
70 

75 
80 

85 
90 

95 
100 

xxo 

X30 

X30 
X40 
ISO 
x6o 
X70 
180 
X90 

300 
330 
340 
360 
380 
300 
335 
350 

375 

400 

450 

SOO 

550 

600 

700 

800 

900 

x.ooo 

3,000 

3,000 

4,000 

S.ooo 
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Pbrcbntagb  of 
Column  3. 


7x0 
740 
775 
80s 
835 
865 
890 

930 

945 

970 

X.ois 

x,o6o 

X.IOO 

1,140 
x,i8o 

X,330 

i.ass 
1,390 
X.330 
1,350 

X.435 
X.SIO 
1,580 
1, 650 

1.730 

X.780 
1.840 

X,900 

x,96o 
3,0X5 

3,o6s 

3.X30 
3,330 
3,3X5 
3.40s 
3.500 
3.580 
3,665 

3,745 
3,830 
3,900 
3,970 
3.XX5 
3.a45 
3,370 

3.495 
3.6  IS 
3.770 
3.900 
4.035 
4.16s 
4,38s 
4,610 

4.82  s 

5.030 

5.430 

5,800 

6,080 

6.380 

8.820 

10,640 

12,160 

X3,5oo 


a 


u 
O 

I 

(A 

I 


P. 

IS 

e 


"o 

9 


9 


xos 
xos 
105 
los 
105 
xos 
105 
105 
X05 
105 
xos 
xxo 
xxo 
xxo 
xxo 

XIO 

no 
no 
1x0 
xxo 

XIO 

no 
1x5 
X15 
115 
115 
115 
115 
1x5 
115 
IIS 

X30 
X30 
130 
X35 
135 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
X30 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 


a . 


8 


93 
93 
93 
93 
93 
94 
94 
94 
94 
94 
94 
94 
93 
93 
93 
93 
93 
91 
91 
91 
91 


88 

88 

88 

86 

864 

86 

86 

85 

85 

85 

834 

834 

83 

83 

80 

80 

79 

774 

774 

76 

76 

744 

744 

73 

73 

714 

70 

684 

67 

65 


I 


62 
59 
56 


The  above  cfawtificatlon  by  itates  is  for  convenience  only,  and  merely  denotes  the  seneral  characteristics  of 
toposrapby  and  rainfall. 

Column  3  in  this  table  Is  pxepaxed  from  observations  of  streams  In  Southwest  Missouri,  Eastern  Kansas, 
Western  Arkansas  and  the  southeastern  portions  of  the  Indian  Territory.  In  all  this  region  steep,  rocky  slopes 
prevail  and  the  soU  absorbs  but  a  small  percentage  of  the  rainfalls.  It  indicates  larger  waterways  than  are  required 
m  Western  Kansas  and  level  portions  ol  Missouri,  Colorado.  New  Mexico  and  Western  Texas. 


*  American  Railway  Engineering  Association,  Vol.  12,  p.  484.    This  report  also  contains  an 
daborate  report  on  Runoff  and  Waterways  for  Culverts. 
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Soft  Ground. — ^The  materials  should  be  excavated  to  a  solid  stratum  or  piles  spaced  about 
ai  to  3  ft.  centers  should  be  driven  over  the  foundation  to  a  good  refusal.  The  piles  should  be 
cut  off  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 
heads  of  the  piles.  Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  following 
methods:  open  caisson,  crib,  coffer  dam,  or  pneumatic  caisson. 

In  using  an  open  caisson  the  masonry  is  built  up  or  the  concrete  is  deposited  in  a  water  tight 
box  built  of  heavy  timbers  or  of  reinforced  concrete,  the  caisson  being  sunk  as  the  pier  is  built  up. 


To  5uif  MDerslructure,  kftnot  less 
thin  3'U  'for  girders  and  trusses 
or  2-0' for  dltd  floor. 


m  least  ih  Use  speaaf 
»j^.    t^-^'T    a^o  Ineelfpenl  for  h/gn  SackiMslls. 


. .    ^  41'  ^/^''y  Ifbdckwallfs  less  titan  5-0 
^jL:^''      \hi^h  to  be  Class  fl  Concrete. 

''  —  ^Jassb 
Concrete 


[HOV/EVyi 


Flanna  Wings. 

To  be  used  at  crossings  of  Streams 
and  at  other  olaces  ttvftere  this 
type  h  desirable, 
fhgk  /?  a  usual l](30'but  may  be 
waned  to  suit  kcai  conditions. 


tolZctoc 
vheresoft 
'ound  Where 
ptks  are  not  used  base 
of  rails  to  be  6  'from 
bottom. 
'Number  ofplles^  if  required, 

to  be  determined  iy  character  of  underlying 
material. 

foundation  to  suit  local  conditions,  but  not  to 
be  less  than  4-0  'deep  unless  good  rock  is  found. 

blOT£S>- 

fill  ej^sed comers  if  edges  to  be  rounded  to 
^  ^  I  inch  radius.  » 

X  1*.       *5^  yfhere  splicing  of  rails  In  foundation  is  necessary 
,'-:<.>  *j!i§    these  tc  be  fully  bolted  with  2  angle  bars 
f-^«  y^i.  .f     breaking  ioints. 
^"^       T        a  dad^filling  to  be  cinders  or 

lYPE  b.  other  porous  material 

Straight  Wings.  N.YC^HP.PP 


«-^t— --t^-— T-c -^  Tobeusedat  Street  and    ATDh/nnpn  D//^HT 

•|u...X...^"^  Highway  crossings  where     c>imai^W  I/I(7l1l 

«i    /),T*,    i^      ,.  n,.      fllring wings arenotdesir-  flN6L[ RbUTtim 

^j  PLRN.    j^    abk.fit  Streets  andTHighwaysft^t  of  bat- 
•^  >"   ten's  usuaHy  placed  on,  building  line 


TYPES  fi^d 


Fig.  4.    Masonry  ABUtMENTs,  N.  Y.  C.  &  H.  R.  R.  R. 


The  caisson  is  commonly  floated  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
to  receive  it,  or  on  a  solid  rock  foundation.  The  sides  of  timber  caissons  are  usually  removed 
after  the  pier  is  completed. 

Timber  cribs  are  made  of  squared  timbers  placed  transversely  and  longitudinally,  and  bolted 
together  so  as  to  form  a  solid  structure  with  open  pockets.  The  crib  is  sunk  by  loading  the 
pockets  with  stone.     No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling  around  the  pier,  the  space 
between  the  rows  of  piling  being  filled  with  clay  puddle.  For  small  depths  a  single  row  of  sheet 
piling  is  often  sufficient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling,  additional 
rows  are  driven  inside  the  first.  Steel  sheet  piling  is  now  much  used  for  difficult  foundations. 
Steel  sheet  piling  can  be  driven  through  ordinary  drift  and  similar  material,  is  not  limited  in 
depth,  and  is  practically  water  tight  when  used  in  a  single  row.  It  can  be  drawn  and  used  again. 
It  is  almost  impossible  to  shut  off  all  the  water  with  a  coffer  dam,  and  pumps  should  be  provided. 

Pneumatic  caissons  should  only  be  used  under  the  direction  of  experienced  engineers  and 
will  not  be  considered  here. 

For  details  of  sinking  piers  see  Jacoby  &  Davis'  "  Foundations  of  Bridges  and  Buildings  ", 
McGraw-Hill  Book  Company. 
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EXAMPLES  OF  RAILWAY  BRIDGE  ABUTMENTa— Standard  stone  masonry  abut- 
ments designed  by  the  Baltimore  &  Ohio  Railway  are  shown  in  Fig.  3.  These  abutments  are 
to  be  used  for  deck  and  through  girder  spans.  The  plans  are  worked  out  in  detail  and  give  data 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wing  abutment  designed  by  the  N.  Y.  C. 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  The 
quantity  of  masonry  and  of  old  railroad  rails  required  for  the  N.  Y.  C.  &  H.  R.  R.  R.  abutments 
shown  in  Fig.  4  are  given  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  degrees  and 
a  side  slope  of  roadway  of  1}  to  i. 


""^ 
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500  m 
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Yards  oF  Masonry 
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Old  Path  in  foundation  -  65* Pails  spaced  10  'to  12' c.  to  c. 
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20 
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22 

23 

24 

25 

26 

27 

28 
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15.0 

16.0 
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20.0 
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9.0 

e.d 
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//.4 

12.2 

/32 

M.0 
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18.0 

13.0 
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26.0 

23.2 
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3     ' 
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12.2 

13.2 

14.2 

150 

16.2 
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182 

19.2 
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22.5 
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260 
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32.3 
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14.5 

/5.5 

16.5 

17.5 

13.6 

ie.6 

20.6 

22.0 

23.1 

24.2 
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26.0 

29.4 
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350 

36.2 
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3i0 
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foundation  to  3a se  ofPaii. 
Quantities  sho¥^n  by  curves  are  Nct, 
■foundation  based  on  depth  of 4  feet. 


QUflNTITIE5  IN3TRNDm  flBUTfims 

Types  /J  ^5 
Fig.  5.    Quantities  in  Masonry  ABUTBfENTS,  N.  Y.  C.  &  H.  R.  R.  R. 


The  quantity  of  concrete  in  single  track  railway  bridge  abutments  as  designed  by  the  Illinois 
Central  R.  R.  are  given  in  Fig.  6.  The  quantities  in  double  track  abutments  may  be  calculated 
as  shown  in  Fig.  6, 

Cooper's  Standard  Abutments —The  abutment  in  (a),  Fig.  7,  is  from  Cooper's  "General 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges," 
The  length,  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
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Eiven,  and  are  proportional  for  intermediate  spans.    These  abutments  may  be  made  of  either 
fiist-dasa  stone  masonry,  or  &rGt-class  Portland  cement  concrete. 

For  double  tracii  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  7.  The  mini- 
mum thickness  of  the  wall  at  any  point  is  to  be  0.4  of  the  height.  The  length  of  the  wing  walls 
will  be  determined  by  local  conditions. 


Fic.  6.    Quantities  in  Masonry  Abutments,  Illinois  Central  RAaaoAD. 

The  abutment  without  wing  walls  in  (b).  Fig.  7,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  »ngle  track  electric  railways  may  be  taken  as  14  ft.,  double 
track  36  ft.  The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in 
Fig.  7- 

RAILWAY  BRIDGE  PIERS.— Standard  piers  for  railway  bridges  as  designed  by  the 
N.  Y.  C.  &  H.  R.  R.  R-  are  shown  in  Fig.  8.  Dimensions  and  data  for  different  spans  and  heights 
of  piers  are  given  on  the  plans.  The  quantities  of  masonry  in  the  standard  plans  shown  in  Fig.  8 
ai«  given  in  Fig.  9,  for  deck  spans  and  for  through  spans. 

Quantities  of  masonry  in  piers  for  deck  plate  girder  spans  are  given  in  Fig.  10  and  for  through 
girder  and  truss  spans  in  Fig.  II.  These  piers  were  designed  and  the  estimates  were  prepared  by 
the  bridge  department  of  the  Illinois  Central  Railroad. 

Illinois  Central  Railroad  I^er. — Details  of  a  concrete  pier  designed  and  built  by  the  Illinois 
Central  Railroad  are  shown  in  Fig.  ii.  The  pier  rests  on  timber  piles  spaced  as  shown.  The 
"■tarkwater"  is  reinforced  with  an  8  in.  I  beam. 

Cooper's  Standard  Uasoniy  Piers.— The  masonry  pier  in  Fig.  13  is  from  Cooper's  "General 
Speofications  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  o,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  13.  These 
pners  may  be  made  of  either  first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  (,  and  6  inches  to  a.  The  width, 
V  3=  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  i6  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose 
of  the  cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  con* 
tents  of  the  piers  are  given  in  Fig.  13. 

STEEL  TDBDLAR  PIERS.— Steel  tubular  piers  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.     Where  the  piers  are  founded  on  soft  material,  piles  are  driven  in  the 
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bottom  of  the  tube,  the  jnles  being  sawed  off  below  the  water  line.  The  piles  thould  extend  at 
least  two  diameters  of  the  tube  above  the  bottom.  The  tubes  are  braced  transversely  by  means 
of  struts  and  tension  diagonals  above  high  water  and  by  diaphragm  bracing  below  high  water. 
Where  the  piers  will  be  subject  to  blows  from  floating  drift  or  li^s  they  should  be  protected  by  a 
timber  cribwork  or  other  device. 

Fig.  14  are  from  Cooper's  "General  Specifications 
'  and  Electric  Railway  Bridges."     Cooper  specifies 


DlHENSlOSS  OF  Masonby  AsunsNTS 
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ECTRic  Railway  and  Hichwav  Bridges. 
Standards. 


nd  J  in.  above  the  high  water.     The  n' 

itection  is  given  in  Fig.  14.    The  crib  is  filled  with 


,  is  given  in  Fig.  15.    The  center  of  the  truss  is  t< 
The  width  a,  as  specified  by  Cooper,  is  given  ii 


'he  American  Bridge  Company's  standard  tubular 
ncters  for  a  height  of  15  feet  to  carry  a  single  span. 
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and  data  on  piers,  pier  beams  and  pier  bracing  are  given  in  Fig.  i6.  In  calculating  the  weight  of  a 
pier  add  one  loot  to  the  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is  given 
in  Fig.  l6.  The  concrete  is  assumed  to  fill  the  tube,  and  the  space  occupied  by  piles  should  be  de- 
ducted. The  number  of  pilea  required  for  different  diameters  of  tubes  is  given.  The  number  of 
piles  requiied  for  laise  tubes  agrees  quite  closely  with  Cooper's  Specifications,  but  the  number 
for  small  tubes  is  very  much  less. 

Pier  Beams. — The  sizes  of  pier  beams  required  for  different  panel  lengths  and  clear  distance 
between  tubes  in  feet  are  given  in  Fig.  16.  The  pier  beam  should  be  assumed  as  one  foot  longer 
than  the  clear  distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 
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Fig.  8.     Masonry  Piers,  N.  Y.  C.  &  H.  R.  R.  R. 

Pto-  BraHnt. — The  piei  bracing  for  piers  supporting  the  ends  of  two  spans  are  given  in 
Fig.  16.  If  the  spans  are  unequal  in  length,  enter  the  table  with  one-half  of  the  algebraic  sum 
o(  the  spans.  For  example,  for  a  pier  carrying  a  75  ft.  and  a  135  ft.  span,  enter  the  diagram  with  a 
span  of  100  ft.      Steel  tubular  piers  should  never  be  used  for  end  abutments  carrying  a  fill. 

In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
tbe  wdgbt  per  foot  as  obtained  from  a  handbook,  and  the  details  for  one  bar  added  to  the  product. 
In  calculating  the  weight  of  the  struts  add  one  foot  to  thc'clear  length. 

Pt«f  Capi. — Tubular  [»ers  may  be  capped  with  steel  plate  caps,  may  be  finished  with  con- 
crete, or  may  have  a  stone  pedestal  block.  The  we^hts  given  in  Fig.  16  do  not  include  the 
weights  of  steel  caps. 

Spedflcatlons  for  StMl  Tnlmhr  Pfers  for  ^ghmy  and  IQMtric  RaDwar  Bridges.— The 
plates  (or  tbe  tubes  shall  be  not  less  than  1  in.  thick  for  tubes  up  to  30  in.  In  diameter,  not  less 
than  A  in-  for  tubes  from  30  to  48  in.  in  diameter,  and  not  less  than  J  in.  for  tubes  from  48  to 
72  in.  in  diameter.  Where  the  plates  are  in  contact  with  the  soil  the  thickness  shall  be  increased 
at  least  A  m.     For  A  in.  plate  and  less  use  1  in.  rivets;  Cor  \  in.  plate  and  over  use  i  in.  rivets. 

The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4  diameters  of  rivet, 
while  the  vertical  seams  shall  preferably  be  butt  riveted  with  single  riveting  spaced  4  diameters 
tA  rivet,  up  to  46  in.  diameter  of  tubes,  and  double  riveting  with  3  in.  spacii^  for  tubes  of  larger 
diatnetet. 
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Fig.  io.    Quantities  in  Masonry  Piers  for  Deck  Girders,  Illinois  Central 
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Fig.  II.    Quantities  in  Masonry 


Piers  for  Through  Spans,  Illinois  Central 
Railroad. 


The  bracing  of  piers  shall  be  designed  to  take  all  the  wind  forces  specified  to  come  on  the 
bridge.  Diaphragm  webs  are  to  be  used  up  to  well  above  high  water  for  piers  located  in  the 
stream  or  where  floating  materials  may  find  Iodp:ment.  Oblong  piers  shall  be  braced  against 
inside  and  outside  pressure.  Piers  exposed  to  injury  from  floatmg  logs  and  drift  shall  be  pro- 
tected. 

The  tubes  should  be  painted  inside  and  out  with  two  coats  of  red  lead  and  linseed  oil,  or 
other  prescribed  paint. 


I 

J 
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The  materials  and  workmaoship  shall  comply  with  the  specificatioDB  for  the  highway  bridge 
•uperstructure. 

Erection.^Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  well  below  possible  scour 
by  loading  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clamshell 
bucket  is  very  effective.  Driving  the  tube  with  a  pile  driver  will  cut  off  the  rivets  in  the  horizontal 
seams  and  will  not  be  permitted.  After  the  tube  is  sunk,  piles  are  to  be  driven  inside  of  the 
B^eel  shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  the 
steel  shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  lops  sawed  off  below  the  low 
water  mark  and  reaching  at  least  3  diameters  of  the  tube  above  the  bottom.  The  space  inside  the 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  should  not  be  deposited  in  runnii^ 
water  if  possible  to  prevent  it. 


:t«»Km|»*ri 


L MU)\ 4 

^'"''^*  PIAS 

Fig.  12.     Details  of  Illinois  Central  Railroad  Pier. 

Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled 
with  concrete.  Or  cribs  may  be  sunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  cnb  and 
resting  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is  filled 
with  concrete  in  the  usual  manner. 

Cylinder  Piera  for  Highw»y  Bridge,  Tr^  B.  C.*— Steel  cylinder  piers  were  used  for  a  steel 
highway  bridge  designed  by  Waddcll  and  Harrington.  Consulting  Engineers,  and  built  across 
the  Columbia  River  at  Trail,  B.  C.  The  main  spans  are  172  ft.  8  in,  long  and  are  carried  on 
pers  made  of  two  steel  cylinders  tilled  with  concrete.  The  steel  cylinders  are  9  ft.  w  diameter 
at  the  bottom  and  6  ft.  in  diameter  at  th^  top,  and  are  86  (t.  long.    The  cyUnders  are  made  of 

•  Engineering  News,  Dec.  5,  19"- 
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Fig.  13.    Masonry  Piers  for  Electric  Railway  and  Highway  Bridges. 
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with  concrete.    The  cylinders  are  spaced 
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Table  V,  by  the  Chicago  and  Northwertcrn 
^  the  following  advantages  of  eteel  cylinder 
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(2)  "Cylinder  piera  cao  be  constructed  under  traffic  with  less  trouble  than  any  other  type. 

(3)  "  Cylinder  piers  permit  of  rapid  rinking  by  open  dredging  where  the  material  i:<  favorable 
and  sunken  logs  are  not  liable  to  be  encountered.  Air  pressure  can  be  applied  readily  and  cheaply 
if  it  becomes  necessary." 

Details  of  the  cylinder  piers  for  the  Oxford  Mill  Pond  bridge  are  shown  in  Fig.  17,  and  details 
of  the  steel  shells  for  the  base  of  the  piers  are  shown  in  Fig.  18.  The  bridge  is  481  feet  long  and 
consists  of  30  ft.  and  60  ft.  spans  resting  on  piers  made  of  two  steel  cylinders  and  a  steel  shell  for 
!,  filled  with  concrete. 

fl  Stlffener 

^^^^         MINI14UH  Sizes  OF  Srai  0BLOH6  Piers 
'^  Cooper's  Stahmrps 
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Data  on  Several  Steel  Cylinder  Piers  used  by  the  Chicago  and  Northwestern 
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STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES. 
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MASONRY  AND  CONCRETE  DEFINITIONS  AND  SPECIFICATIONS . 

Classification  of  Masonry.* 


Kind. 


Bridge  and  Retaining 
WaU 


Arch, 


Culvert. 


Material. 


'  Stone 


Concrete , 


Stone , 


Concrete 


Dry. 


I 


Brick 


Stone . 


Concrete 
Stone 


Deacription. 


Dimension 
Ashlar. . . . 


;  Rubble 
Reinforced 
Plain 
Rubble 

'  Ashlar 

< 

^  Rubble 

/  Reinforced 
\  Plain 


No.  I 


/  Rubble 
\Dry 

Reinforced 

Plain 

Rubble 

Rubble 


Manner  of 
Work. 


Coursed 

'  Coursed 
Broken- 
coursed 

Uncoursed 


Coursed.. . 
Uncoursed 


I  English 
Bond 
Flemish 
Bond 

Uncoursed 


Uncoursed 


Preaoing. 


Joints  or  Beds. 


Smooth  .• 


(Smooth 
Fine  pointed 
Rougti  pointed 

I  Rough  pointed 
\  Scabbled 


Smooth 
Fine  pointed 
Rougti  pointed 
Scabbled 


r  Rough  pointed 
\  Scabbled 


Face  or  Surface. 


f  Smooth 
\  Rock-faced 

r  Smooth 
\  Rock-faced 

Rock-faced 


r  Smooth 
\  Rock-faced 

Rock-faced 


Rock-faced 


Definitions,* 

Masonrr,  Bridge  and  Retaining  WalL — Masonry  of  stone  or  concrete,  designed  to  carry 
the  end  of  a  bridge  span  or  to  retain  the  abutting  earth,  or  both. 

Masonry,  Arch. — ^That  portion  of  the  masonry  in  the  arch  ring  only,  or  between  the  intrados 
and  the  extrados. 

Masonry,  Culyert — Flat-top  masonry  structure  of  stone  or  concrete,  designed  to  sustain  the 
fill  above  and  to  permit  the  free  passage  of  water. 

Masonry,  Dry. — Masonry  in  which  stones  are  built  up  without  the  use  of  mortar. 

Concrete. 

Concrete. — ^A  compact  mass  of  broken  stone,  gravel  or  other  suitable  material  assembled 
together  with  cement  mortar  and  allowed  to  harden. 

Reinforced  Concrete. — Concrete  which  has  been  reinforced  by  means  of  metal  in  eome  form, 
so  as  to  develop  the  compressive  streneth  of  the  concrete. 

Rubble  Concrete. — Concrete  in  which  rubble  stone  are  imbedded. 

Brick. 
Brick. — No.  z. — Hard  burned  brick,  absorption  not  exceeding  2  per  cent  by  weight. 

Cement. 

Cement — A  material  of  one  of  the  three  classes,  Portland,  Natural  and  Puzzolan, 
the  property  of  hardening  into  a  solid  mass  when  mixed  with  water. 

*  Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.   7,  1906,  pp.  596-601,  619;  Vol.  12,  1911. 
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Portland  Cement. — ^This  term  shall  be  ai)plied  to  the  finely  pulverized  product  resulting 
fiom  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argil- 
laceous and  calcareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made 
subsequent  to  calcination. 

Natural  Cement. — ^This  term  shall  be  applied  to  the  finely  pulverized  product  resulting  from 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 
acid  gas. 

Pnzzolan  Cement,  as  Made  in  North  America. — An  intimate  mixture  obtained  by  finely 
pulverizing  together  granulated  basic  blast  furnace  slag  and  slacked  lime. 

Courses  and  Bond. 

Coarsed. — ^Laid  with  continuous  bed  joints. 

Broken  Coursed. — Laid  with  parallel,  but  not  continuous,  bed  joints. 

Uncoursed. — Laid  without  regard  to  courses. 

Rngiigh  Bond. — ^That  disposition  of  bricks  in  a  structure  in  which  each  course  is  composed 
entirely  of  headers  or  of  stretchers. 

Flemish  Bond. — ^That  disposition  of  bricks  in  a  structure  in  which  the  headers  and  stretchers 
alternate  in  each  course,  the  header  being  so  placed  that  the  outer  end  lies  on  the  middle  of  a 
stretcher  in  the  course  below. 

Dressing. 

Dressing. — ^The  finish  given  to  the  surface  of  stones  or  to  concrete. 

Smooth. — Having  surface,  the  variations  of  which  do  not  exceed  one-sixteenth  inch  from  the 
pitch  line. 

Fine  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-quarter 
inch  from  the  pitch  line. 

Rough  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-half 
inch  from  the  pitch  line. 

Scabbled. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  three-quarters 
inch  from  the  pitch  line. 

Rock-Paced. — Presenting  irregular  projecting  face,  without  indications  of  tool  mark. 

Descriptive  Words. 

Abutment* — ^A  supporting  wall  carrying  the  end  of  a  bridge  or  span  and  sustaining  the  pressure 
of  the  abutting  earth.     The  abutment  of  an  arch  is  commonlv  called  a  bench  wall. 

Arris. — ^The  external  edge  formed  by  two  surfaces,  whether  plain  or  curved,  meeting  each 
other. 

Ashlar. — ^A  squared  or  cut  block  of  stone  with  rectangular  dimensions. 

lUrfcing. — ^That  portion  of  a  masonry  wall  or  structure  built  in  the  rear  of  the  face.  It  must 
be  attached  to  the  face  and  bonded  with  it.     It  is  usuallv  of  a  cheaper  grade  of  work  than  the  face. 

Batter. — ^The  slope  or  inclination  of  the  face  or  back  of  a  wall  from  a  vertical  line. 

Bed. — ^The  top  and  bottom  of  a  stone.     (See  Course  Bed;  Natural  Bed;  Foundation  Bed.) 

Bed  Joint. — ^A  horizontal  joint,  or  one  perpendicular  to  the  line  of  pressure. 

Bench  WalL — ^The  abutment  from  which  an  arch  springs. 

Bond. — ^The  mechanical  disposition  of  stone,  brick  or  other  building  blocks  by  overlapping 
to  break  joints. 

Build. — A  vertical  joint. 

Centering. — ^A  temporary  support  used  in  arch  construction.     (Also  called  centers.) 

Clamp. — ^An  instrument  for  lifting  stone  so  designed  that  its  grip  on  the  surface  of  the  stone 
is  increased  as  the  load  is  applied.  That  portion  engaging  the  stone  is  of  wood  attached  to  a  steel 
shoe,  which  in  turn  is  hinged  to  the  shank  of  the  clamp  in  such  a  manner  as  to  adjust  itself  to  the 
surface  of  the  body  lifted. 

Coping. — ^A  top  course  of  stone  or  concrete,  generally  slip^htly  projecting,  to  shelter  the  masonry 
from  the  weather,  or  to  distribute  the  pressure  from  extenor  loading. 

Coarse. — ^Each  separate  layer  in  stone,  concrete  or  brick  masonry. 

Coarse  Bed. — ^Stone,  brick  or  other  building  material  in  position,  upon  which  other  material 
is  to  be  laid. 

Cramps. — Bars  of  iron  having  the  ends  turned  at  right  angles  to  the  body  of  the  bar  which 
enter  holes  in  the  upper  side  of  adjacent  stones. 

CnlTert. — ^A  small  covered  passage  for  water  under  a  roadway  or  embankment. 

Dimension  Stone. — (i)  A  block  of  stone  cut  to  specified  dimensions. 

Dimension  Stone. — (2)  Large  blocks  of  stone  quarried  to  be  cut  to  specified  dimensions. 


iRIDGE  ABUTMENTS  AND  PIERS.  Chap.  VI. 

bars  of  iron  which  enter  a  hole  in  the  upper  side  of  one  stone  snd  also 

le  stone  next  above. 

ce  Bteel  instrument  used  in  liftine  stone.     The  dowel  engages  the 

drilled  into  the  stoneaC  an  ai^le  oT  about  45 degrees  pointing  toward 

at  keyed  in  place. 

irface  of  a  stone  cut  to  the  breadth  of  the  chisel. 

rtical  joint  or  space  to  allow  for  temperature  chaises. 

ir  convex  surface  of  an  arch. 

'  narrow  concave  surface  of  an  arch.  ' 

face  in  elevation. 

1)  A  rich  mortar  placed  on  the  exposed  surfaces  to  make  a  smooth 


I  tbe  surface  even  or  level  with  an  adjacent  surface. 

o  fill.     (2)  To  bring  to  a  level,     (3)  To  force  water  to  the  surface 

ipacting  or  ramming. 

bottom  course. 

ructure  for  giving  concrete  a  desired  shape. 

portion  o(  a  structure  usually  below  the  surface  of  the  ground,  which 

n  its  support.      (a)  Also  applied  to  the  natural  support  itself;  rock, 

surface  on  which  a  structure  rests. 

iuid  consistency  which  can  easily  be  poured. 

h  has  its  greatest  length  at  right  angles  to  the  face  of  the  wall,  and 

to  the  backing. 

stage  of  the  process  of  setting,  marked  by  certain  hardness.     (See 

ice  between  adjacent  stones,  bncks  or  other  building  blocks,  usually 

0  carry  and  distribute  the  weight  of  an  arch  to  the  ribs  or  centering 

eel  instrument  used  in  lifting  stone.     (The  lewis  engages  the  stone 
iped  hole  into  which  it  is  keyed.) 

ice  or  method  of  construction  used  to  secure  a  bond  in  the  work. 
6ne  aggregate,  cement  or  lime  and  water  used  to  bind  together  the 
or  brick  in  masonry  or  to  cover  the  surface  of  the  same- 
aces  of  a  stone  parallel  to  its  stratification. 

'rier  on  the  edge  of  an  elevated  structure  for  protection  or  ornament. 
:ed  stone  or  brick  forming  a  floor, 
support  for  arches  or  other  spans, 

rris  clearly  defined  by  a  line  beyond  which  the  rock  is  cut  away  by 
nake  approximately  true  edges. 

1  or  defects  in  the  face  of  a  masonry  structure. 

I  for  sustaining  the  pressure  of  earth  or  filling  deported  behind  it. 
iual  stones  forming  an  arch.     They  are  always  of  truncated  wedge 


r  rough  stone  as  it  comes  from  the  quarry.     When  it  ia  of  a  large  or 

ck  rubble. 

made  by  rubbing  with  grit  or  sand  stone. 

ange  from  a  plastic  to  a  solid  or  hard  state. 

protect  the  slope  of  an  embankment  or  cut. 

of  a  projection. 

p  or  small  piece  of  stone  broken  from  a  large  block. 

all  at  the  end  of  an  arch  above  the  springing  line  and  extrados  of  th> 

r  the  string  course. 

ich  has  its  greatest  length  parallel  to  the  face  of  the  wall. 

ion  of  an  abutment  wall  to  retain  the  adjacer.t  earth. 


SPECIFICATIONS  FOR  STONE  MASONRY.* 

General. 

1.  Standard  Specifications. — ^The  classification  of  masonry  and  the  requirements  for  cement 
and  concrete  shall  be  those  adopted  by  the  American  Railway  Engineering  Association. 

2.  En^eer  Defined. — ^Where  the  term  "Engineer**  is  used  in  these  specifications,  it  refers 
to  the  engineer  actually  in  charge  of  the  work. 

General  Requirements. 

3.  Stone. — ^Stone  shall  be  of  the  kinds  designated  and  shall  be  hard  and  durable,  of  approved 
quality  and  shape,  free  from  seams,  or  other  imperfections.  Unseasoned  stone  shall  not  be  used 
where  liable  to  injury  by  frost. 

4.  Dressing. — Dressing  shall  be  the  best  of  the  kind  specified. 

5.  Beds  and  joints  or  builds  shall  be  square  with  each  other,  and  dressed  true  and  out  of 
wind.    Hollow  beds  shall  not  be  permitted. 

6.  Stone  shall  be  dressed  for  laying  on  the  natural  bed.  In  all  cases  the  bed  shall  not  be 
less  than  the  rise. 

7.  Marginal  drafts  shall  be  neat  and  accurate. 

8.  Pitching  shall  be  done  to  true  lines  and  exact  batter. 

9.  Mortar. — Mortar  shall  be  mixed  in  a  suitable  box,  or  in  a  machine  mixer,  preferably  of 
the  batch  type,  and  shall  be  kept  free  from  foreign  matter.  The  size  of  the  batch  and  the  pro- 
portions and  the  consistency  shall  be  as  directed  by  the  engineer.  When  mixed  by  hand  the  sand 
and  cement  shall  be  mixed  dry,  the  requisite  amount  of  water  then  added  and  the  mixing  continued 
antil  the  cement  is  uniformly  distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

la  Laying. — ^The  arrangement  of  courses  and  bond  shall  be  as  indicated  on  the  drawings,  or 
as  directed  by  the  engineer.  Stone  shall  be  laid  to  exact  lines  and  levels,  to  give  the  required  Dond 
and  thickness  of  mortar  in  beds  and  joints. 

11.  Stone  shall  be  cleansed  and  dampened  before  laying. 

12.  Stone  shall  be  well  bonded,  laid  on  its  natural  bed  and  solidly  settled  into  place  in  a  full 
bed  of  mortar. 

13.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be  placed  without  jarring  stone 
already  laid. 

14.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a  course  is  laid. 

15.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid  with  fresh  mortar. 

16.  Stone  shall  not  be  laid  in  freezing  weather,  unless  directed  by  the  engineer.  If  laid, 
it  shall  be  freed  from  ice,  snow  or  frost  by  warming;  the  sand  and  water  used  in  the  mortar  shall 
be  heated. 

17.  With  precaution,  a  brine  may  be  substituted  for  the  heating  of  the  mortar.  The  brine 
shall  consist  of  one  pound  of  salt  to  eighteen  gallons  of  water,  when  the  temperature  is  12  degrees 
Fahrenheit;  for  every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  of  salt  shall 
be  added. 

18.  Pointing. — Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  removed  to  a  depth  of 
not  less  than  one  (i)  in.  Pointing  shall  not  be  done  until  the  wall  is  complete  and  mortar  set; 
oor  when  frost  is  in  the  stone. 

19  Mortar  for  pointing  shall  consist  of  equal  parts  of  sand,  sieved  to  meet  the  requirements, 
and  Portland  cement.  ^  In  pointing,  the  joints  shall  be  wet,  and  filled  with  mortar,  pounded  in 
with  a  "set-in"  or  calking  tool  and  finished  with  a  beading  tool  the  width  of  a  joint,  used  with  a 
ttraight-edge. 

Bridge  and  Retaining  Wall  Masonry— Ashlar  Stone. 

30.  Bridge  and  Retaining  Wall  Masonry.  Ashlar  Stone. — ^The  stone  shall  be  lara^e  and 
•en  proportioned.  Courses  shall  not  be  less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in. 
thick,  thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

21.  Dressing. — Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed,  so  that  the 
mortar  layer  should  not  be  more  than  one-half  (})  in.  thick  when  the  stone  is  laid. 

22.  foints  in  face  stone  shall  be  full  to  the  square  for  a  depth  equal  to  at  least  one-half  the 
he^ht  of  the  course,  but  in  no  case  less  than  twelve  (12)  in. 

•  Adopted  by  American  Railway  Engineering  Association. 
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23.  Face  or  Surface. — Exposed  surfaces  of  the  face  stone  shall  be  rock-faced,  and  edges  pitched 
to  the  true  lines  and  exact  batter;  the  face  shall  not  project  more  than  three  (3)  in.  beyond  the 
pitch  line. 

24.  Chisel  drafts  one  and  one-half  (i})  in.  wide  shall  be  cut  at  exterior  corners. 

25.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in  exposed  surfaces.  Stone  shall 
be  handled  with  clamps,  keys,  lewis  or  dowels. 

26.  Stretchers. — Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have  at  least  one  and  a 
quarter  times  as  much  bed  as  thickness  of  course. 

27.  Headers. — Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy  one-fifth  of  face 
of  wall,  shall  not  be  less  than  eighteen  (18)  in.  wide  in  face,  and,  where  the  course  is  more  than 
eighteen  (18)  in.  high,  width  of  lace  shall  not  be  less  than  height  of  course. 

28.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown  in  face,  so  arranged  that  a  header 
in  a  superior  course  shall  not  be  laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the 
same  disposition  shall  occur  in  back  of  wall. 

29.  Headers  in  face  and  back  of  wall  shall  interlock  when  thickness  of  wall  will  admit. 

30.  Where  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone  shall  pass  entirely  through. 
Backing  shall  not  be  permitted. 

•^i-a.  Backing. — Backing  shall  be  large,  well-shaped  stone,  roughly  bedded  and  jointed; 
bed  joints  shall  not  exceed  one  (i)  in.  At  least  one-half  of  the  backing  stone  shall  be  of  same 
size  and  character  as  the  face  stone  and  with  parallel  ends.  The  vertical  joints  in  back  of  wall 
shall  not  exceed  two  (2)  in.     The  interior  vertical  joints  shall  not  exceed  six  (6)  in.     Voids  shall 

be  thoroughly  filled  with  {  ^pj'/^^y  j^j^  -^  ^^„^  ,^^ 

I  concrete, 
31-b.  Backing  shall  be  i  headers  and  stretchers^  as  specified  in  paragraphs  26  and  27,  and 

\     heart  of  wall  filled  with  concrete, 

32.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not  less  than  four  (4)  ft.  long 
shall  be  placed  transversely  in  heart  of  wall  to  bond  the  opposite  sides. 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall  be  less  than  eight  (8)  in. 
thick. 

34.  Bond. — Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be  less  than  twelve  (12) 
in.     Backing  shall  be  laid  to  break  joints  with  the  face  stone  and  with  one  another. 

35.  Coping.— Coping  stone  shall  be  full  size  throughout,  of  dimensions  indicated  on  the 
drawings. 

36.  Beds,  joints  and  top  shall  be  fine-pointed. 

37.  Location  of  joints  snail  be  determined  by  the  position  of  the  bed  plates,  and  be  indicated 
on  the  drawings. 

j8.  Locks. — ^Where  required,  coping  stone,  stone  in  the  wings  of  abutments,  and  stone 
on  piers,  shall  be  secured  together  with  iron  clamps  or  dowels,  to  the  position  indicated  on  the 
drawings. 

Bridge  and  Retaining  Wall  Masonry — Rubble  Stone. 

39.  Dressing. — ^The  stone  shall  be  roughly  squared,  and  laid  in  irregular  courses.  Beds  shall 
be  parallel,  roughly  dressed,  and  the  stone  laid  horizontal  to  the  wall.  Face  joints  shall  not  be 
more  than  one  (i)  in.  thick.     Bottom  stone  shall  be  large,  selected  fiat  stone. 

40.  Laying. — The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the  surface  of  back 
and  face  headers  arranged  to  interlock,  having  all  voids  in  the  heart  of  the  wall  thoroughly  filled 

concrete, 

suiiabU  stones  and  spallst  fully  bedded  in  cement  mortar. 

Arch  Masonry — Ashlar  Stone. 

41.  Arch  Masonry,  Ashlar  Stone. — Voussoirs  shall  be  full  size  throughout  and  dressed  true 
to  templet,  and  shall  have  bond  not  less  than  thickness  of  stone. 

42.  Dressing. — ^Joints  of  voussoirs  and  intrados  shall  be  fine-pointed.  Mortar  joints  shall 
not  exceed  three-eighths  (|)  in. 

r  smooth, 

43.  Face  or  Surface. — Exposed  surface  of  the  ring  stone  shall  be  ]  rock  faced,  with  a  marginal 

[     draft. 

44.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated  on  the  drawings. 

45.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

*  Paragraphs  31-a  and  31-b  are  so  arranged  that  either  may  be  eliminated  according  to 
requirements.     Optional  clauses  printed  in  italics. 


with  I 


55*  Backing. — Backing  shall  consist  of 
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r  concrete. 

46.  Baddxig. — ^Backing  shall  consist  of    large  stone,  shaped  to  fit  the  arch  bonded  to  the  spandrd 

(,     and  laid  in  full  bed  of  mortar, 

47.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

48.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

49.  Bench  Walls,  Piers,  Spandrels,  etc. — Bench  walls,  piers,  spandrels,  {parapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry, 
Ashlar  Stone. 

Arch  Masonry — Rubble  Stone. 

50.  Arch  Masonry,  Rubble  Stone. — ^Voussoirs  shall  be  full  size  throughout,  and  shall  have 
bond  not  less  than  thickness  of  voussoirs. 

51.  Dressing. — Beds  shall  be  roughly  dressed  to  bring  them  to  radial  planes. 

52.  Mortar  joints  shall  not  exceed  one  (i)  in. 

53.  Face  or. Surface. — Exposed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and  edges 
pitched  to  true  lines. 

54.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

'  concrete, 

large  stone,  shaped  to  fit  the  arch,  bonded  to  the  span- 
drel,  and  laid  in  full  bed  of  mortar, 

56.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

57.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

58.  Bench  Walls,  Piers,  Spandrels,  etc. — Bench  walls,  piers,  spandrels,  parapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonry* 
Rubble  Stone. 

Culvert  Masonry. 

59.  Calvert  Masonry. — Culvert  Masonry  shall  be  laid  in  cement  mortar.  Character  of 
stone  and  quaUty  of  work  shall  be  the  same  as  specified  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Stone. 

60.  Side  Walls. — One-half  the  top  stone  of  the  side  walls  shall  extend  entirely  across  the  » 
waU. 

61.  Cover  Stones. — Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12)  in.  thick» 
or  as  indicated  on  the  drawings.     They  shall  be  roughly  dressed  to  make  close  joints  with  each 

other,  and  lap  their  entire  widtn  at  least  twelve  (12)  in.  over  the  side  walls.    They  shall  be  doubled  V 

under  high  embankments,  as  indicated  on  the  drawings.  | 

62.  End  Walls,  Coping. — End  walls  shall  be  covered  with  suitable  coping,  as  indicated  on  > 
the  drawings. 

Dry  Masonry. 

63.  Dry  Masonry. — Dry  Masonry  shall  include  dry  retaining  walls  and  slope  walls. 

64.  Retaining  Walls. — Retaining  Walls  and  Dry  Masonry  shall  include  all  walls  in  which 
nibble  stone  laid  without  mortar  is  used  for  retaining  embankments  or  for  similar  purposes.  ^ 

65.  Dressing. — Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used.  Beids  and  joints 
shall  be  roughly  dressed  square  to  each  other  and  to  face  of  stone. 

66.  Joints  shall  not  exceed  three-quarters  (J)  in. 

67.  Disposition  of  Stone. — Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
face  of  wall,  generally  keeping  the  larger  stone  in  lower  part  of  wall. 

68  The  work  shall  be  well  bonded  and  present  a  reasonably  true  and  smooth  surface,  free 
from  holes  or  projections. 

69.  Slope  Walls. — ^Slope  Walls  shall  be  built  of  such  thickness  and  slope  as  directed  bv  the 
engineer.  Stone  shall  not  oe  used  in  this  construction  which  does  not  reach  entirely  througn  the 
wall.  Stone  shall  be  placed  at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the  embankment  which  it  is  to  protect. 
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REINFORCEMENT.* 

Concrete  Materials. 

1.  Cement — ^The  cement  shall  be  Portland  and  shall  meet  the  requirements  of  the  standard 
specifications. 

2.  Fine  Aggregates. — Fine  aggre^te  shall  consist  of  sand,  crushed  stone  or  gravel  screenings, 
graded  from  fine  to  coarse,  and  passmg  when  dry  a  screen  having  J  in.  diameter  holes;  it  shall 
preferably  be  of  hard  siliceous  material,  clean,  free  from  dust,  soft  particles,  vegetable  loam  or 
other  deleterious  matter,  and  not  more  than  6  per  cent  shall  pass  a  sieve  having  lOO  meshes  per 
linear  inch. 

3.  The  fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  part  Portland 
cement  and  three  parts  fine  aggregate  by  weight  when  made  into  bnquettes  shall  show  a  tensile 
strength  at  least  equal  to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  same 
cement  and  standard  Ottawa  sand,  f 

4.  Coarse  Aggregates. — Coarse  aggregate  shall  consist  of  material  such  as  crushed  stone  or 
gravel  which  is  retained  on  a  screen  having  \  in.  diameter  holes  and  having  gradation  of  sizes  from 
the  smallest  to  the  largest  particles;  it  shall  be  clean,  hard,  durable  and  Tree  from  all  deleterious 
matter.     Aggregates  containing  dust,  soft  or  elongated  particles  shall  not  be  used. 

5.  Water. — ^The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid,  and  injurious 
amounts  of  alkalies  or  vegetable  matter. 

Steel  Reinforcement. 

6.  Manufacture. — ^Steel  shall  be  made  by  the  open-hearth  process.  ReroUed  material  will 
not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only.  Bars  and 
wire  may  be  of  structural  steel  or  high  carbon  steel. 

8.  Schedule  of  Requirements. — ^The  chemical  and  physical  properties  shall  conform  to  the 
following  limits: 


ElemenU  Considered. 

Structufal  Steel. 

High  Carbon  Steel. 

T^,        ,                        ( Basic 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

Phosphorus,  max..  <  a  .1 

Sulohur.  maximum 

Ultimate  tensile  strength  in  pounds  per  square 
inch 

Desired 
60,000 
i,500,ooot 

Ult.  tensile  strength 
Silky 

i8o«  flat 

Desired 
88,000 
1,000,000 

Elong.,  min.  per  cent  in  8  in.,  Fig.  I J 

Character  of  Fracture 

Ult.  tensile  strength 
Silky  or  finely 

granular 
180°  d  =  4t§ 

Cold  Bends  without  Fracture 

9.  Yield  Point. — The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop  of  the  beam, 
shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  for  structural 
steel  or  6,000  lb.  for  high  carbon  steel,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be  ac- 
ceptable, shall  be  within  5,000  lb.  for  structural  steel,  or  8,000  lb.  for  high  carbon  steel,  of  the 
desired  ultimate. 

•  Adopted  by  the  American  Railway  Engineering  Association. 

t  This  sand  may  be  obtained  from  the  Ottawa  Silica  Company  at  a  cost  of  2  cts.  per  lb. 
f.  o.  b.  cars,  Ottawa,  111. 

iSee  paragraph  15. 
'*d  —  4^**  signifies  "around  a  pin  whose  diameter  is  four  times  the  thickness  of  the  specimen." 
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11.  Qiemiod  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time 
of  the  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  Check  analysis  shall  be  made  from  finished  material,  if  called  for  by 
the  railroad  company,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

12.  Form  of  Specimens. — ^Plates»  Shapes  and  Bars:  Specimens  for  tensile  and  bending 
tests  for  plates  and  shapes  shall  be  made  by  cutting  coupons  from  the  finished  product,  which 
shall  have  both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  I ;  or  with  both  edges 
parallel;  or  they  may  be  turned  to  a  diameter  of  }  in.  with  enlarged  ends. 

13.  Bars  shall  be  tested  in  their  finished  form. 


i 

i  ♦  /  •  •»  I 

^'^  I  xf " 


it  ♦  ♦ 


I 


'l    i  

«< — — — —— ~ — — — — -— — Aboiittt  ••••-•••»-•••••-••••->• 

Fig.  I. 

14.  Number  of  Tests. — ^At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt 
of  steel  as  rolled.  In  case  steel  differing  }  in.  and  more  in  thickness  is  rolled  from  one  melt,  a 
test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

i^  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more  than  }  in.  in  thick- 
ness the  following  modifications  will  be  allowed  in  the  rec^uirements  for  elongation: 

(a)  For  each  -^  in.  in  thickness  below  A  >«*•  a  deduction  of  2  J  will  be  allowed  from  the  speci- 

fied percentage. 

(b)  For  each  }  in.  in  thickness  above  }  in.,  a  deduction  of  i  will  be  allowed  from  the  specified 

percentage. 

16.  Bcoiding  Tests. — Bending  test  may  be  made  by  pressure  or  by  blows.  Shapes  and  bars 
less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  8. 

17.  Iliick  MateriaL — ^Test  specimens  one  inch  thick  and  over  shall  bend  cold  1 80  degrees  around 
a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice  the  thickness  of  the  specimen,  and  for  high 
carbon  steel,  is  six  times  the  thickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

18.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish. 

19.  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it,  except  that  bar  steel  and  other  small  parts  may  be 
bundled  with  the  above  marks  on  an  attached  metal  tag. 

20.  DetfectiYe  MateriaL — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and  its 
acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found  to 
have  injurious  defects,  will  be  rejected  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

21.  Reinforcing  steel  shall  be  free  from  excessive  rust,  loose  scale,  or  other  coatings  of  any 
character,  which  would  reduce  or  destroy  the  bond. 

Workmanship. 

22.  Unit  of  Measure. — ^The  unit  of  measure  shall  be  the  cubic  foot.  A  bag  containing  not 
less  than  9^  lb.  of  cement  shall  be  assumed  as  one  cubic  foot  of  cement.  Fine  and  coarse  aggre- 
gates shall  be  measured  separately  as  loosely  thrown  into  the  measuring  receptacle. 

2t.  Relation  of  Fine  and  Coarse  Aggregates. — ^The  fine  and  coarse  aggregates  shall  be  used 
in  such  relative  proportions  as  will  insure  maximum  density. 


19 
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24.  Proportions. — ^The  proportions  of  materials  for  the  different  classes  of  concrete  shall  be 
as  follows: 


CkM. 

Uw. 

Cement. 

Aggregates.                             | 

Fine. 

Coane. 

• 

Note: — ^This  blank  to  be  filled  for  each  contract. 

25.  For  plain  concrete,  a  proportion  of  i  :  9  (unless  otherwise  specified)  shall  be  used,  i.  e., 
one  part  of  cement  to  a  total  of  nme  parts  of  fine  and  coarse  aggregates  measured  separately;  for 
example,  i  cement,  3  fine  aggregate,  6  coarse  aggregate. 

26.  For  reinforced  concrete  a  proportion  of  i  :  6  (unless  otherwise  specified)  shall  be  used, 
i.  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggregates  measured  separately; 
for  example,  i  cement,  2  fine  aggregate,  and  4  coarse  aggregate. 

27.  Mixing. — ^The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  desired  con- 
sistency, and  the  mixing  shall  continue  until  the  cement  is  unik>rmly  distributed  and  the  mass 
is  uniform  in  color  and  homogeneous. 

28.  Measuring  Proportions. — ^The  various  ingredients,  including  the  water,  shall  be  measured 
separately,  and  the  methods  of  measurement  shall  be  such  as  to  secure  the  proper  proportions  at 
all  times. 

29.  Machine  Mixing. — ^A  machine  mixer,  preferably  of  the  batch  type,  shall  be  used,  wher- 
ever the  volume  of  the  work  will  justify  the  expense  of  installing  the  plant.  The  requirements 
demanded  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  consistency 
and  thoroughly  mixed. 

30.  Hand  Mixing. — ^When  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  on  a  watertight 
platform  of  sufficient  size  to  accommodate  men  and  materials  for  the  progressive  and  rapid  mixing 
of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one-half  cubic 
yard  each.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  aggregates,  and  these  mixed  thoroughly  until  of  an 
even  color.  The  water  necessary  to  mix  a  thin  mortar  shall  then  be  added  and  the  mortar  spread 
again.  The  coarse  aggregates,  which,  if  dry,  shall  first  be  thoroughly  wetted  down,  shall  then 
be  added  to  the  mortar.  The  mass  shall  then  be  turned  with  shovels  or  hoes  until  thoroughly 
mixed  and  all  the  aggregate  covered  with  mortar.  Or,  at  the  option  of  the  engineer,  the  coarse 
aggregate  may  be  added  before,  instead  of  after,  adding  the  water. 

31.  Consistency. — ^The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  about  the  metal  reinforcement,  and  which,  on 
the  other  hand,  can  be  conveyed  from  the  place  of  mixing  to  the  forms  without  separation  of  the 
coarse  aggregate  from  the  mortar. 

32.  Retempering. — Retempering  mortar  or  concrete,  i  e.,  remixing  with  water  after  it  has 
partially  set,  will  not  be  permitted. 

33.  Placing  of  Concrete. — Concrete  after  the  completion  of  the  mixing  shall  be  handled 
rapidly  to  the  place  of  final  deposit  and  under  no  circumstances  shall  concrete  be  used  that  has 
partially  set  before  final  placing. 

3^.  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in 
their  proper  place  and  the  surplus  water  is  k)rced  to  the  surface.  In  general,  except  in  arch  work, 
all  concrete  must  be  deposited  in  horizontal  layers  of  uniform  thickness  throughout. 

35.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to  prevent  the  cement 
from  floating  away  and  to  prevent  the  formation  of  laitance. 

%6.  Before  depositing  concrete  the  forms  shall  be  thoroughly  wetted  (except  in  freezing 
weather)  or  oiled,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris. 

37.  Before  placing  new  concrete  on  or  against  concrete  which  has  set,  the  surface  of  the  latter 
shall  be  roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched  and  slushed 
with  a  mortar  consisting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  aggregate. 

38.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for  a  penod  of  at 
least  three  days. 
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39.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precuations,  approved  by  the  engineer,  are  taken  to  avoid  the  use  of  materials 
covered  with  ice  crystals  or  containing  frost  and  to  provide  means  to  prevent  the  concrete  from 
freezing. 

The  author  has  used  the  following  specification  for  depositing  concrete  in  freezing  weather:— 
When  the  temperature  of  the  air  is  below  40^  F.  during  the  time  of  mixing  and  placing  concrete,  the 
water  used  in  mixing  concrete  shall  be  heated  to  such  a  temperature  that  the  temperature  of  the  concrete 
mixture  shall  not  be  less  than  do'*  when  it  reaches  its  final  position  in  the  forms.  Care  shall  be  used 
that  the  cement  shall  not  be  injured  by  boiling  water, 

40.  Rubble  Concrete. — ^Where  the  concrete  is  to  be  deposited  in  massive  work,  clean,  large 
stones,  evenly  distributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete,  may  be 
used,  at  the  option  of  the  engineer. 

41.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage 
of  mortar. 

42.  The  forms  shall  not  be  removed  until  authorized  by  the  engineer. 

43.  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dressed  to  a  uniform  thick- 
ness and  width;  shall  be  sound  and  free  from  loose  knots  and  secured  to  the  studding  or  uprights 
in  horizontal  lines. 

44.  For  backings  and  other 'rough  work  undressed  lumber  may  be  used. 

45.  Where  corners  of  the  masonrv  and  other  projections  liable  to  injury  occur,  suitable  mold* 
ings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off. 

46.  Lumber  once  used  in  forms  shall  be  cleaned  before  being  used  again. 

47.  The  reinforcement  shall  be  carefully  placed  in  accordance  with  the  plans,  and  adequate 
means  shall  be  provided  to  hold  it  in  its  proper  position  until  the  concrete  has  been  deposited 
and  compacted. 

Details  of  Construction. 

48.  SpUdng  Reinforcement. — ^Wherever  it  is  necessary  to  splice  the  reinforcement  otherwise 
than  as  shown  on  the  plans,  the  character  of  the  splice  shall  be  decided  by  the  engineer  on  the 
basis  of  the  safe  bond  stress  and  the  stress  in  the  reinforcement  at  the  pomt  of  splice.  Splices 
shall  not  be  made  at  points  of  maximum  stress. 

49.  J<^t8  in  Concrete.— Concrete  structures,  wherever  possible,  shall  be  cast  at  one  opera- 
tion, but  when  this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair 
the  strength  and  appearance  of  the  structure. 

50.  Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or  columns  without 
permitting  a  period  of  at  least  four  hours  to  elapse  to  provide  for  settlement  or  shrinkage  in  the 
supports.  Before  resuming  work,  the  tops  of  such  walls  or  columns  shall  be  cleaned  of  foreign 
matter  and  laitance. 

51  A  triangular-shaped  groove  shall  be  formed  at  the  surface  of  the  concrete  at  vertical 
joints  in  walls  and  abutments. 

52  Surface  Finish. — Except  where  a  special  surface  finish  is  required,  a  spade  or  special 
tool  shall  always  be  worked  between  the  concrete  and  the  form  to  force  back  the  coarse  aggre- 
gates and  produce  a  mortar  face. 

53.  Top  Surfaces. — ^Top  surfaces  shall  generally  be  *' struck"  with  a  straight  edge  or  "floated" 
after  the  coarse  aggregates  have  been  forced  below  the  surface. 

54.  Sidewalk  Finish. — ^Where  a  ''sidewalk  finish'*  is  called  for  on  the  plans,  it  shall  be  made 
by  spreading  a  layer  of  i  :  2  mortar  at  least  }  in.  thick,  troweling  the  same  to  a  smooth  surface. 
Tnis  finishing  coat  shall  be  put  on  before  the  concrete  has  taken  its  initial  set. 
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REFERENCES. — Plain  masonry  and  concrete  abutments  and  piers,  only,  have  been  con- 
sidered in  this  chapter.    The  following  books  may  be  consulted  for  additional  information. 

Baker's  "  Masonry  Construction/'  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  design 
of  masonry,  plain  and  reinforced  concrete  abutments  and  piers,  and  the  different  methods  of 
constructing  abutments  and  piers. 

Fowler's  "  Ordinary  Foundations,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  design 
and  construction  of  abutments  and  piers,  with  special  attention  given  to  the  coffer  dam  process. 

Jacoby  and  Davis'  "  Foundations  of  Bridges  and  Buildings,"  McGraw-Hill  Book  Co.,  gives 
a  full  discussion  of  the  design  and  construction  of  abutments  and  piers. 

Bulletin  140  of  the  Am.  Ry.  Eng.  Assoc,  has  an  article  on  the  Design  of  Railway  Bridge  Abut- 
ments by  Mr.  J.  H.  Prior,  Asst.  Engineer,  C.  M.  &  St.  P.  Ry.  This  article  describes  in  detail 
the  standard  plain  and  reinforced  concrete  abutments  used  by  the  C.  M.  &  St.  P.  Ry. 


CHAPTER  VII. 
Timber  Bridges  and  Trestles, 

Definitions. — ^The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Wooden  Trestle. — ^A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

Frame  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  framed  timbers. 

Pile  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  piles. 

Bent. — ^The  group  of  members  forming  a  single  vertical  support  of  a  trestle,  designated  as 
pile  bent  where  the  principal  members  are  piles,  and  as  framed  bent  where  of  framed  timbers. 

Post.— One  of  tne  vertical  or  battered  members  of  the  bent  of  a  framed  trestle. 

Pile. — (See  definition  under  subject  of  Piles  and  Pile  Driving.) 

Batter. — ^A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 
bent. 

SOI. — A  lower  horizontal  member  of  a  framed  bent. 

Sub-Sill. — ^A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

Intennediate  Sill. — ^A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 
to  which  the  posts  are  framed. 

Sway  Brace. — ^A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 
face. 

Longitudinal  Strut  or  Girt — ^A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Longitudinal  Z-Brace. — ^A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Sash  Brace. — ^A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 

Stringer. — ^A  longitudinal  member  extending  from  bent  to  bent  and  supporting  the  ties^ 

Jack  Stringer. — ^A  stringer  placed  outside  of  the  line  of  main  stringers. 

Tie. — ^A  transverse  timber  resting  on  the  stringers  and  supporting  the  rails. 

Guard  Rail. — ^A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  ties  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Guard  Timber. — ^A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  ties. 

Packing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
member  in  their  proper  relative  positions. 

Packing  Spool  or  Separator. — A  small  casting  usod  in  connection  with  packing  bolts  to 
secure  the  several  parts  of  a  composite  member  in  their  proper  relative  positions. 

Drift  Bolt. — ^A  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

DoweL — ^An  iron  or  wooden  pin,  extending  into,  but  not  through,  two  members  of  the  struc- 
ture to  connect  them. 

Shim. — ^A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  desired  relative  position. 

Fisfa-Plate. — ^A  short  piece  lapping  a  joint,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

Bulkhead. — ^A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

Structural  Timber. 

DeflnitionB. — The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Thnber. — ^A  single  stick  of  wood  of  regular  cross-section. 

CroBS-Sectioii. — ^A  section  of  a  stick  at  right  angles  to  the  axis. 

True.^— Of  uniform  cross-section.  Defects  are  caused  by  wavy  or  jagged  sawing  or  consist 
of  trapezoidal  instead  of  rectangular  cross-sections. 
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Axis. — The  line  connecting  the  centers  of  successive  cross-sections  of  a  stick. 

Straight. — Having  a  straight  line  for  an  axis. 

Out  of  Wind. — Having  the  longitudinal  surfaces  plane. 

Full  Length. — Long  enough  to  'square"  up  to  the  length  specified  in  the  order. 

Comer. — ^The  line  of  intersection  of  the  planes  of  two  adjacent  longitudinal  surifaces. 

Girth. — ^The  perimeter  of  a  cross-section. 

Side. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Edge. — Either  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Face. — ^The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood. — ^A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  within. 
It  may  be  of  uneven  thickness. 

Heartwood. — ^The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwood. 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 
different  in  color. 

Springwood. — ^The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the  season, 
not  necessarily  in  the  spring,  and  often  containing  vessels  or  pores. 

Summerwood. — ^Tne  outer  part  of  the  annual  ring  formed  later  in  the  season,  not  necessarily 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 

Decay. — Complete  or  partial  disintegration  of  the  cell  walls,  due  to  the  growth  of  fungi. 

Sound. — Free  from  decay. 

Solid. — ^Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breaks, 
loose  slivers,  and  worm  or  insect  holes. 

Wane. — ^A  deficient  corner  due  to  curvature  or  to  taper  of  the  log. 

Square  Cornered. — Free  from  wane. 

Biot. — ^The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  with  the  grain  distinct  and 
separate  from  the  grain  of  the  trunk. 

Cross-Grain. — ^The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  of 
parallel  with  the  axis. 

Wind  Shake. — ^A  crack  or  fissure,  or  a  series  of  them,  caused  during  growth. 

Standard  Defects  of  Structural  Timber.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  termed  natural 
'defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  significance  in  the  gradinp:  of  structural  timber: 

Sound  Elnot. — ^A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  may  be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will 
retain  its  place  in  the  piece. 

Loose  Elnot. — ^A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Pith  Elnot. — ^A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  }  in.  in  diameter  f 
In  the  center. 

Encased  Elnot. — ^An  encased  knot  is  one  which  is  surrounded  wholly  or  in  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  J  in.  in  width  on  each  side,  nor  exceeding  one-half  the 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotten  Elnot. — ^A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Elnot. — A  pin  knot  is  a  sound  knot  not  over  i  in.  in  diameter. 

Standard  Elnot. — ^A  standard  knot  is  a  sound  knot  not  over  i  \  in.  in  diameter. 

Large  Elnot. — ^A  large  knot  is  a  sound  knot,  more  than  i }  in.  in  diameter. 

Round  Elnot. — ^A  round  knot  is  one  which  is  oval  or  circular  in  form. 

Spike  Elnot. — ^A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — Pitch  pockets  are  openings  between  the  grain  of  the  wood,  containing  more 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  pitch  pockets. 

SmaU  Pitch  Pocket. — (a). — A  small  pitch  pocket  is  one  not  over  i  in.  wide. 

Standard  Pitch  Pocket. — (b). — ^A  standard  pitch  pocket  is  one  not  over  f  in.  wide  nor  over 
3  in.  in  length.  '  .     .    ,        u 

Large  Pitch  Pocket. — (c). — A  large  pitch  pocket  is  one  over  f  in.  wide,  or  over  3  in.  in  length. 

Pitch  Streak. — A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch,  it 
shall  not  be  considered  a  defect. 

♦Adopted  by  Am.  Ry.  Eng.  Assoc..  Vol.  8,  1907. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall  be  considered  as  the  mean 
^ge  diameter  in  all  cases. 
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Shakfts. — ^Shakes  are  splits  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  between  annual  rings. 

Ring  Shake. — ^An  opening  between  annual  rings. 

Throng  Shakf^R. — ^A  shake  which  extends  between  two  faces  of  a  timber. 

Rot,  Dote  and  Red  Heart — ^Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
considered  as  a  defect. 

Wane. — (See  definition  under  the  subject  of  Structural  Timber.) 

Note, — ^See  additional  definitions  of  defects  under  Structural  Timber. 

Piles  and  Pile  Driving.* 

The  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

Pile. — A  member  usuallv  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
underlying  strata,  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
pile  are:  (a)  to  carry  a  superimposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 
wall  to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure  of  adjacent  ground. 

Head  of  Pile. — ^The  upper  end  of  a  pile. 

Foot  of  Pile. — ^The  lower  end  of  a  pile. 

Butt  ol  Pile. — ^The  larger  end  of  a  pile. 

Tip  <rf  Pile. — ^The  smaller  end  of  a  pile. 

Bearing  rae.— One  used  to  carry  a  superimposed  load. 

Screw  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 
area. 

Disc  Pile.^)ne  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  Pile. — One  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 

Sheet  Pile. — Piles  driven  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
of  water  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 

Pile  Driver. — ^A  machine  for  driving  piles. 

Hammer. — ^A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steaim  Hammer. — One  which  is  automatically  raised  and  dropped  a  comparatively  short 
distance  by  the  acrion  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile. 

Leads. — The  upright  parallel  members  of  a  pile  driver  which  support  the  sheaves  used  to 
hoist  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — ^A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving. 

Ring. — A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — A  member  interposed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
latter  when  below  the  foot  of  the  leads. 

PILE-DRIVING — ^Principles  of  Practice. — (i)  A  thorough  exploration  of  the  soil  by  borings, 
or  preliminary  test  piles,  is  the  most  important  prerequisite  to  the  design  and  construction  of 
pile  foundations. 

(2)  The  cost  of  exploration  is  frequently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
due  to  lack  of  information. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
or  in  greatly  increased  cost. 

(4)  The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  are  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  harder  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  and  pressure  be  provided. 

(7)  In  clay  it  may  be  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
driving  the  pile,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  while  being 
driven. 

(8)  In  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  handled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 

*  For  an  elaborate  bibliography  on  "  Piles  and  Pile  Driving"  see  Am.  Ry.  Eng.  Assoc.,  Vol.  10. 
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dissipated  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile,  the  utility  of  the  jet  is  uncer> 
tain,  except  for  a  part  of  the  penetration.  # 

(ii)  A  steam  or  drop  hammer  should  be  used  in  connection  with  the  water  jet,  and  used  to 
test  the  final  rate  of  penetration. 

(12)  The  use  of  the  water  jet  is  one  of  the  most  effective  means  of  avoiding  injury  to  piles 
by  overdriving. 

(13)  There  is  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  is 
also  indicated  by  the  bending,  kicking  or  staggering  of  the  pile. 

(14)  The  brooming  of  the  head  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  energy 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetration 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  be  used  instead  of  the  drop  hammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  general,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon 
skin  friction,  is  materially  increased  after  a  period  of  rest.  This  period  may  be  as  short  as  fifteen 
minutes,  and  rarely  exceeds  twelve  hours. 

(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  low  tide  is  increased  at  high  tide  on 
account  of  the  extra  compression  of  the  soil. 

(20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  materia]  and  bears  upon  a  hard  stratum 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

(21)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  loading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(22)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the -results  of  loading 
test  piles  should  not  be  depended  upon  unless  they  are  sufficient  in  number  to  insure  their  action 
in  a  similar  manner,  and  tney  are  stayed  against  mteral  motion. 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  24  hours  after 
driving. 

(24)  Where  the  resistance  of  piles  depends  mainly  upon  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  are  to 
pass  to  a  firm  bearing  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(26)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6-in.  square 
at  the  end. 

(27)  Piles  should  not  be  pointed  when  driven  into  soft  material. 

(28)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  pile,  as  well  as  to  hold  it  in  position  during  driving. 

(30)  The  specification  relating  to  the  penetration  of  a  pile  should  be  adapted  to  the  soil  which 
the  pfle  is  to  penetrate. 

(31)  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  its  penetration  should  be  a  specified  distance  under  a  given  blow,  or  series  of 
blows. 


SPECIFICATIONS  FOR  TIMBER  PILES.* 

Railroad  Heart  Grade. 

1.  This  grade  includes  white,  burr,  and  post  oak,  longleaf  pine,  Douglas  fir«  tamarack,  Eastern 
white  and  red  cedar,  chestnut.  Western  cedar,  redwood  and  cypress. 

2.  Piles  shall  be  cut  from  sound  trees;  shall  be  close  grained  and  solid,  free  from  defects,  such 
as  injurious  rin^  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects,  which  may 
materially  impair  their  strength  or  durability.  In  Eastern  red  or  white  cedar  a  small  amount  of 
heart  rot  at  the  butt,  which  does  not  materially  injure  the  strength  of  the  pile,  will  be  allowed. 

3.  Piles  must  be  butt  cut  above  the  ground  swell  and  have  a  uniform  taper  from  butt  to  tip. 
Short  bends  will  not  be  allowed.  A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the 
tip  shall  lie  within  the  body  of  the  pile. 

4.  Unless  otherwise  allowed,  piles  must  be  cut  when  sap  is  down.  Piles  must  be  peeled  soon 
after  cutting.    All  knots  shall  be  trimmed  close  to  the  body  of  the  pile. 

5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine  (9)  in.  for  lengths  not 
exceeding  thirty  (jo)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50) 
ft.,  and  seven  (7)  m.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter  at  one-quarter  of  the 
lexigth  from  the  butt  shall  be  twelve  (12)  m.  and  the  maximum  diameter  at  the  butt  twenty  (20)  in. 

6.  For  square  piles  the  minimum  width  of  any  side  of  the  tip  shall  be  nine  (9)  in.  for  lengths 
not  exceeding  thirty  (30)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty 
(50)  ft.,  and  seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum  width  of  any  side  at  one- 
quarter  of  the  length  from  the  butt  shall  be  twelve  (12)  in. 

7.  Square  piles  shall  show  at  least  eighty  (80)  per  cent  heart  on  each  side  at  any  cross-section 
of  the  stick,  and  all  round  piles  shall  show  at  least  ten  and  one-half  (loj)  in.  diameter  of  heart 
at  the  butt. 

Railroad  Falsework  Grade. 

8.  This  grade  includes  red  and  all  other  oaks  not  included  in  R.  R.  Heart  grade,  sycamore, 
sweet,  black  and  tupelo  gum,  maple,  elm,  hickory,  Norway  pine,  or  any  sound  timber  that  will 
stand  driving. 

9.  The  requirements  for  size  of  tip  and  butt,  taper  and  lateral  curvature  are  the  same  as  for 
R.  R.  Heart  grade. 

10.  Unless  otherwise  specified  piles  need  not  be  peeled. 

11.  No  limits  are  specified  as  to  the  diameter  or  proportion  of  heart. 

12.  Piles  which  meet  the  reouircments  of  R.  R.  Heart  grade  except  the  proportion  of  heart 
specified  will  be  classed  as  R.  R.  Falsework  grade. 

GUARD  RAILS  AND  GUARD  TIMBERS.— In  1912  the  American  Railway  Engineering 
Association  made  an  investigation  of  the  use  of  guard  rails  and  guard  timbers  for  timber  trestles 
and  bridges  and  adopted  the  following  report  based  on  replies  from  61  railroads. 

1.  It  is  recommended  as  good  practice  to  use  guard  timbers  on  all  open-floor  bridges,  and 
same  shall  be  so  constructed  as  to  properly  space  the  ties  and  hold  them  securely  in  their  places. 

2.  It  is  recommended  as  good  practice  to  use  p^uard  rails  to  extend  beyond  the  end  of  the 
bridges  for  such  a  distance  as  re<juired  by  local  conditions,  but  that  this  length  in  any  case  be  not 
IcM  than  fifty  feet;  that  guard  rails  be  fully  spiked  to  every  tie  and  spliced  at  every  joint,  the  guard 
rail  to  be  some  form  of  metal  guard  rail. 

3.  It  is  recommended  that  the  guard  timber  and  guard  rail  be  so  spaced  in  reference  to  the 
track  rail  that  a  derailed  truck  will  strike  the  guard  rail  without  striking  the  guard  timber. 

4.  The  height  of  the  guard  rail  to  be  not  over  one  inch  less  in  height  than  the  running  (track) 
rail. 

TIMBER  TRESTLES.— The  details  of  the  design  of  timber  trestles  depends  upon  the  loading* 
the  details  of  the  floor  system,  the  available  timber  and  upon  the  designer.  The  length  of  panels 
varies  from  12  ft.  to  16  ft.,  with  14  ft.  as  a  fair  average  panel  length. 

Pile  Trestles.— The  details  of  the  standard  pile  trestle  with  open  floor  of  the  N.  Y.,  N.  H.  & 
H.  R.  R.  are  given  in  Fig.  i.  The  number  and  arrangement  of  the  piles  in  the  bents  are  shown. 
The  bents  are  12  ft.  center  to  center.  The  stringers  are  24  ft.  long  and  are  placed  to  span  two 
panels  and  to  break  joints.  The  tops  of  the  caps  are  covered  with  No.  20  flat  galvanized  iron  to 
protect  the  trestle  from  fire.  The  details  of  washers,  packing  blocks,  drift  bolts,  etc.,  are  shown 
on  the  plans. 

•  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 
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Frame  Trestles. — ^The  details  of  the  standard  frame  trestle  with  open  floor  of  the  N.  Y., 
N.  H.  &  H.  R.  R.  are  given  in  Fig.  2,  The  bents  are  spaced  12  ft.  center  to  center.  The  floor 
system  is  the  same  as  for  pile  trestles.  The  frame  trestle  may  be  supported  on  a  pile  foundation, 
upon  timber  sub-sills  (mudsills)  or  on  concrete  pedestals.  Timber  sub-sills  soon  decay  and 
should  be  used  only  for  temporary  trestles.     Other  data  and  details  are  shown  on  the  plans. 

The  plans  of  a  standard  frame  trestle  designed  and  built  by  the  Illinois  Central  Railroad  are 
given  in  Fig.  3.  The  bents  are  spaced  14  ft.  centers,  while  the  stringers  are  28  ft.  long  and  cover 
two  panels.  The  details  of  the  track  and  the  guard  rails  are  not  shown.  A  complete  bill  of 
timber  and  iron  for  one  bent  and  one  panel  of  the  floor  are  given  in  Fig.  3.  The  standard  frame 
trestle  may  be  carried  on  mudsills  (sub-sills)  as  shown  in  Fig.  3,  or  on  piles  or  concrete  pedestals 
as  shown  in  Fig.  2. 

Detail  plans  of  a  pile  trestle  with  ballasted  deck  are  given  in  Fig.  4. 

TIMBER  HOWE  TRnSSES.~Plans  of  a  standard  150  ft.  span  Howe  truss  designed  and 

erected  by  the  C.  M.  &  P.  S.  Ry.  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  7.     This  bridge  was  designed 

for  Cooper's  E  55  Loading,  with  the  allowable  unit  stresses  as  given  in  the  American  Railway 

Engineering  Association  Specifications  for  Timber  Bridges  and  Trestles.    The  bill  of  lumber  is 

given  in  Table  I;  the  bill  of  castings  and  bolts  is  given  in  Table  II;  the  bill  of  upset  vertical  rods 

is  given  in  Table  III,  and  the  bill  of  lateral  rods  is  given  in  Table  IV.     The  following  additional 

specifications  were  given  on  the  plans. 

TABLE  I. 

Bill  of  Timber  for  One  150  ft.  Howe  Truss  Span. 


No.  of 
Pet. 

Sl2c,  In. 

Length.  Ft.-In. 

Location. 

No.  of 
Pea. 

Size.  In. 

Length,  Ft.-In. 

Location. 

2 

10  X  14 

12-6 

Top  Chord. 

8 

8X8 

28-3i 

Diag.  Posts. 

2 

fi    it    <{ 

18-3I 

if         i< 

2 

12  X  14 

22-0 

Porul. 

2 

u     u     <t 

24-0} 

it             if 

4 

6X  12 

14-0 

if 

2 

u     u     u 

29-loi 

i(                 €t 

2 

8  X  10 

9-0 

Bott.  Laterals. 

2 

<{       U       (( 

35-7* 

tt             it 

2 

8-7 

ft             t 

2 

C<       U       Ci 

41-S 

€i              tt 

2 

18-0 

tt           it 

12 

{{      u     u 

46-3 

ti             ti 

2 

17^ 

tt                       fC 

2 

|{       C(       f< 

47-2i 

tt             tt 

4 

8-8 

ft               <f 

2 

il      u      tt 

52-11 i 

tt             tt 

2 

f?  u    « 

17-4 

tt               tt 

16 

4X  14 

2-4i 

tt             « 

2 

8-1 

tt               It 

12 

(C       C«       (t 

2-8 

tt             tt 

2 

8-9 

tt               tt 

4 

u     {(     i< 

s-ii 

tt             tt 

4 

6X8^ 

17-0 

tt               tt 

132 

3X  14 

i-o 

tt             tt 

8 

8-5 

tt               tt 

4 

10  X  18 

20-3  i 

Bott.  Chord. 

4 

6X6 

8-5 

tt                tt 

4 

i<       t(       C( 

3I-I0J 

it          ti 

2 

1 7-1 

tt                tt 

¥ 

2 

it     {{     « 

43-4i 

«          ti 

I 

17-8 

t<              tt 

2 

tt     tt     tt 

S4-iii 

tt          tt 

2 

8^ 

tt                tt 

10 

tt     tt     tt 

S7-8i 

tt          tt 

14 

8-10 

Top  Laterals. 

4 

tt     tt     tt 

66-si 

ft          tt 

6 

17-11 

ft          tt 

4 

tt    tt     tt 

83-3 

it          it 

4 

9-2 

ft          «t 

8 

4X  18 

2-4I 

tt          ft 

2 

9-5 

tt          tt 

8 

fi     tt    tt 

2-8 

ff          ft 

2 

18-6 

tt          it 

16 

10  X  10 

7-0 

Corbels. 

2 

9-3 

ft                    Cf 

12 

12  X  16 

28-3i 

Diag.  Posts. 

2 

18-3 

ft                 <c 

8 

14  X  16 

tt    It 

ft          tt 

I 

19-1 

ff              <f 

8 

14  X  14 

ft    tt 

tt         ft 

56 

12  X  22 

22-0 

Floorbeams. 

8 

12  X   14 

ft    tt 

tt         tt 

4 

8  X  12 

23-2! 

Stringers. 

8 

12  X   12 

28-5 1 

tt         tt 

42 

i7-3i 

it 

2 

10  X   12 

if       if 

ft         tt 

4 

ii-7i 

« 

8 

10  X  10 

«      fi 

it         tt 

4 

17-Si 

t< 

8 

8  X  10 

if      tt 

it         tt 

134 

8X  10 

lO-O 

Ties. 

4 

8  X  10 

28-4! 

it         it 

21 

6X8 

16-0 

Guard  Rail. 

4 

8X8 

i(       (i 

tt         tt 

21 

4X8 

16-0 

it          if 

L 

^ngths  giv 

en  for  Top  an 

id  Bottom  I^tera 

lis  are  1 

onger  than 

finished  lengl 

^hs. 
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TABLE  II. 
Bill  of  Castings,  Bolts,  etc.  for  One  150  ft.  Howb  Truss  Span. 


No.  of 


4 
20 

,t 

2 
12 

4 
12 

12 
8 

30 
6 

>S 

3 

IS 
3 

4 
73 
73 
64 

4 

4 

4 

4 

4 

4 
8 

16 

48 
322 
246 

48 

3" 
410 

4 


416 
36 
36 
16 

33 
16 


t 


Dcscriptioii. 


Mark. 


••^"^^ 

« 

• 

«( 

it 

M 

C( 

« 

« 

Lateral 
it 

Angle  Blocks 

<r         it 

u 

M 

«< 

M 

« 

c< 

<( 

(( 

u 

Clamp 

«c 

Blocks. 

C( 

« 
« 

M 

<« 

<« 

<i 

Washers  for  Lateral  Rods. . . . 


« 
« 


« 

M 
(« 


« 


<« 
« 


O.  G.  Washers  for  2}  in.  Bolts 

It:: 


(i 
t( 
«« 

M 
M 
M 

«< 
(« 
M 


« 
<« 
«t 
« 
«< 
«< 
<( 
« 
(( 
i< 


(« 
<« 
(( 
M 
<i 
i( 
« 
« 
(( 
i< 


« 
l< 
<«. 
(« 
« 
« 
(( 
(( 
« 
« 


Slot  Washers  for  i  in.  Bolts . . 

•<  it  tt      T     <i  «< 

tt  tt  tt     I     ((  (( 

6  in.  X  4  in.  X  i  in.  X  38  ft.- 
5}  in.  Guard  Angles 

6  in.  X  4  in.  X  }  in.  X 
39  ft.-7l  in.  Guard  Angles . 

Packing  Washers 


« 
tt 


it 
tt 


tt 


Oamps 

Wedfcs 

Beanng  Plates . . . 
Bearing  Channels. 


Angle  Blocks 

Dowels  {  in.  X  o  ft.-ii  in. 
steel 


B3189 

B3190 

B3191 

B3192 

B3202 

B3193 

B3193A 

B3194 

B139S 

B3196 

B3090 

B3090A 

B3091R 

B3091RA 

B3091L 

B3091LA 

B3199 

B3197 

B3198 

B3198A 


Gi 

G, 
B3251 

Pi 
P 

P« 

C, 

W 

BP 

BCi 

BC2 

B3190A 


No.  of 
Pet. 


18 
176 

225 

275 

"5 

H 

H 

56 

32 

8 

142 

H 
60 

16 
S6 

72 

2 

4 
8 

8 

48 
8 

8 

16 

64 

64 
too 

4 

2 


Description. 


Mark. 


Spikes  9  in.  X  I  i 
in.  X  I  i 


i« 


Dowels  {  in.  X  o  ft.-9  in.. . . 

Dowels  {  in.  X  o  ft.-3  in 

"in 

8  in.  X  I  in 

14  in.  X  i  in 

Drift  Bolu  1  in.  X  I  ft.  8  in. 
Bolts  I  in.  X  I  ft.-iil  in. 

Sq.  H  &  N  2}  in.  thd 

Bolu  I  in.  X  I  ft.-7l  in. 

Sq.  H  &  N  2}  in.  thd 

Bolts  f  in.  X  5  ft.-6i  in. 

Sq.  H&N  2i  in.  thd 

Bolts  {  in.  X  4  ft.-4i  in. 

Sq.  H&N2jin.  thd 

Bolts  }  in.  X  4  ft.-}  in. 

Sq.  H&N2iin.  thd 

Bolts  I  in.  X  3  ft.-8l  in. 

Sq.  H  &  N  2I  in.  thd 

Boltt  I  in.  X  3  ft.-9}  in. 

Sq.  H&N  2}  in.  thd 

Bolts  f  in.  X  3  ft.-4  in. 

Sq.  H  &  N  2I  in.  thd 

Bolts  }  in.  X  I  ft.-9}  in. 

Sq.  H  &  N  2j  in.  thd 

Bolts  }  in.  X  2  ft.-3}  in. 

Sq.  H  &  N  2j  in.  thd 

Bolts  }  in.  X  2  ft.-3l  in. 

Sq.  H  &  N  2j  in.  thd 

Bolts  }  in.  X  2  ft.-4}  in. 

Sq.  H&N  2i  in.  thd 

Bolts  1  in.  X  2  ft.-6J  in. 

Sq.  H  &  N  2i  in.  thd 

Bolts  i  in.  X  2  ft.-ioj  in. 

Sq.  H  &  N  2}  in.  thd 

Bolts  1  in.  X  3  ft.-2i  in. 

Sq.  H  &  N  2I  in.  thd 

Bolts  i  in.  X  3  ft.-5l  in. 

Sq.  H  &  N  2j  in.  thd 

Bolu  }  in.  X  4  ft.-if  in. 

Sq.  H  &  N  2i  in.  thd 

Bolts  }  in.  X  4  ft.-3J  in. 

Sq.  H  &  N  2I  in.  thd 

Bolu  }  in.  X  4  ft.-4}  in. 

Sq.  H  &  N  2j  in.  thd 

Bolts  i  in.  X  i  ft.-3J  in. 

Sq.  H  &  N  2j  in.  thd 

Recess  Washers 

Special  Bolu}  in.  X  i  ft.... 

Lateral  Angle  Blocks 

Angle  Blocks 


B3195A 
B3192A 


20 


.?  I 


=1  I 


* 


S5 

it 


^1    3 


TIMBER  HOWE  TRUSS  DECK  BRIDGE. 
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"Outer  6  in.  X  8  in.  Guard  Rails  are  notched  forties,  spiked  to  each  tie  with  one  9  in.  X  {in. 
spikes.  Each  tie  to  be  spiked  to  stringers  with  i  in.  X  14  in.  spikes.  Stringers  drift-bolted  to 
floorbeams  with  }  in.  X  i8  in.  drift  bolts.  All  ]  in.,  ]  in.  and  t  in.  bolts  to  be  provided  with  one 
O.  G.  and  one  slot  washer.  All  contactB  of  wood  and  wood  to  be  painted  with  white  lead.  Corbels 
to  be  creosoted.  All  holes  bored  in  chord  sticks  to  be  creosoted.  Inner  4  in.  X  8  in.  Guard 
Rails  bolted  at  center  and  ends  of  each  piece,  spiked  to  each  tie  not  bolted,  with  one  8  in.  X  1  in. 
spike  and  spliced.  The  6  in.  X  4  in.  X  }  in.  guard  rail  is  bolted  at  ends  and  at  intervals  of  not 
over  3  ties  with  1  in.  special  bolts.     Leave  i  in.  opening  between  ends  of  Guard  Rail  angles." 

The  detail  plans  of  a  timber  Howe  truss  railway  bridge  with  an  80  ft.  span  are  given  in  Fig.  8 
and  Fig.  9.  This  bridge  was  designed  for  Cooper's  E  55  loading  for  the  allowable  stresses  given 
in  the  specifications  of  the  American  Railway  Engineering  Association.  The  details  and  a  bill 
of  materials  are  given  on  the  plans. 


TABLE  111. 

Bill  of  Upset  Vertical  Rods  for  Onb  150  ft. 

Howe  Truss  Span. 


No.  of  Pet.    Length.  FI.,Ij 


TABLE  IV. 

Bill  of  Lateral  Rods  for  Oke  150 

FT,  Howe  Truss  Span, 


HIOHWAT  TIHBBIt  TRESTLES  AND  BRIDGES,— Details  of  a  highway  crossing  of 
the  Illinds  Central  Railroad  are  given  in  Fig,  10  and  Fig.  n. 

A  combination  timber  and  iron  bridge  is  shown  in  Fig.  13;  while  a  short  span  timber  highway 
bridge  is  given  in  Fig.  13. 

For  additional  details  of  timber  h^hway  bridges,  see  the  author's  "  The  Design  of  Hi^ 
way  Bridges." 

SPECIFICATIONS  FOR  WORKMANSHIP  FOR  PILE  AND  FRAME  TRESTLES  TO 
BE   BUILT  UNDER  CONTRACT.' 

I,  Slt«. — The  trestle  to  be  built  under  these  specifications  is  located  on  the  line  of 

Railroad  at   County  of  State  of 

3.  General  Desciiption. — The  work  to  be  done  under  these  specifications  covers  the  driving. 

framing  and  erection  of  a track  wooden  trestle  about ft,  long  and 

an  averse  of ft.  high. 

General  Clauses. 

3.  The  contractor  shall  furnish  all  necessary  labor,  tools,  machinery,  supplies,  temporary 
staging  and  ootfit  required.  He  shall  build  the  complete  trestle  ready  for  the  track  rails,  in  a 
workmanlike  manner,  in  strict  accordance  with  the  plans  and  the  true  intent  of  these  specifica- 
tions, to  the  satisfaction  and  acceptance  of  the  engineer  of  the  railroad  company. 

4.  The  workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  Details,  fastening) 
and  connections  shall  be  of  the  best  method  of  construction  in  general  use  on  first  class  work. 

•  Adopted  by  American  Railway  Engineering  Association. 
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5.  Holes  shall  be  bored  for  all  bolts.    The  depth  of  the  hole  and  the  diameter  of  the  auger 
to  be  specified  by  the  engineer. 

6.  Framing  shall  be  accurately  fitted;  no  blocldng  or  ahimming  will  be  allowed  In  making 
jmnts.     Timbers  ehaJI  be  cut  off  with  the  saw;  no  axe  to  be  used. 


(RIDGES  AND  TRESTLES. 


Dfkrffof^inf'B' 


Qwei  Woiher-Castlnn.^ 
12-Riq'd. 

M...... .„'.0'.. ^ 

"1  5'j lO'-Z'" — J  a'Y- 

»M     Uparttad>tfKl9fnd1o2diam0itr, 
iey/h  fffvpKfS'  Thread  ef 

WAY  Crossing.    Illinois  Central  Railroad. 

|uired  by  the  engineer  fumiih  a  Batisfactofy  watchman  t( 


COMBINATION  HIGHWAY  BRIDGE. 


iia 
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22.  Girts. — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  sub-sills,  posts  or 
piles,  as  the  plans  may  require. 

23.  Stringers. — Stringers  shall  be  sized  to  a  uniform  height  at  supports.  The  edges  with 
most  sap  shall  be  placed  downward. 

24.  Tack  Stringers. — ^Jack  stringers,  if  required  on  the  plans,  shall  be  neatly  framed  on 
caps,  andf  their  tops  shall  be  in  the  same  plane  as  the  track  scnngers. 

25.  Ties. — ^Ties  shall  be  framed  to  a  uniform  thickness  over  bearings,  and  shall  be  placed 
with  the  rough  side  upward.  They  shall  be  spaced  regularly,  cut  to  even  length  and  hne,  as 
called  for  on  the  plans. 

26.  Guard  Rklls. — ^Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to  line 
and  to  a  uniform  top  surface.     They  shall  be  firmly  fastened  to  the  ties  as  required. 

27.  Bulkheads. — Bulkheads  shall  be  of  sufficient  dimensions  to  keep  the  embankment  clear 
of  the  caps,  stringers  and  ties,  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less 
than  two  (2)  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.  The  projecting 
ends  of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  other- 
wise specified. 

28.  Time  of  Completion. — ^The  work  shall  be  completed  in  all  its  parts  on  or  before 

•    •«••••••••■        ^A*        ^^«        ^7  •      •     •    • 

29.  Payments. — Payments  will  be  made  under  the  usual  regulations  of  the  railroad  company. 

Specifications  for  Metal  Details  Used  in  Wooden  Bridges  and  Trestles. 

30.  Wronght-iron. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  jfree  from  surface  defects.  When 
tested  in  specimens  of  standard  form  shall  give  an  ultimate  strength  of  at  least  50,000  lb.  per  so. 
in.,  an  elongation  of  18  per  cent  in  8  in.,  with  fracture  wholly  fibrous.  Specimens  shall  bend  cola, 
with  the  fil^r,  through  135  degrees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which 
is  not  over  twice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the  fracture  shall  show 
at  least  90  per  cent  fibrous.        • 

31.  Ste^ — ^Steel  shall  be  made  by  the  open-hearth  process  and  shall  be  of  uniform  quality. 
It  shall  contain  not  more  than  0.05  per  cent  sulphur;  if  made  bv  the  acid  process  it  shall  contam 
not  more  than  0.06  per  cent  phosphorus,  and  if  made  by  the  basic  process  not  more  than  0.04 
per  cent  phosphorus.  When  tested  in  specimens  of  standard  form,  or  full  sized  pieces  of  the 
same  length,  it  shall  have  a  desired  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  If  the 
ultimate  stren^h  varies  more  than  4,000  lb.  from  that  desired,  a  retest  shall  be  made  on  the 
sune  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate.     It  shall 

have  a  minimum  percentage  of  elongation  in  8  in.  of  -; — — —r  and  shall  bend  cold  with- 

^  ult.  tens,  strength 

out  fracture  180  degrees  flat.     The  fracture  for  tensile  tests  shall  be  silky. 

32.  Castings. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  "Arbi- 
tration Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  1}  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  lenp;th  of  12  in.,  with  load  at 
middle.  The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  deflection  of  at  least 
A  in.  before  rupture. 

33.  Bolts. — Bolts  shall  be  of  wrought-tron  or  steel,  made  with  square  heads,  standard  size,  the 
length  of  thread  to  be  2}  times  the  diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size, 
with  thread  fitting  closely  the  thread  of  bolt.     Threads  shall  be  cut  according  to  U.  S.  standards. 

34.  Drift  Bolts. — Drift  bolts  shall  be  of  wrought-iron  or  steel,  with  or  without  square  head, 
pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

35.  Spikes. — ^Spikes  shall  be  of  wrought-iron  or  steel,  square  or  round,  as  called  for  on  the 
plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be  used  in  lengths  more  than 
6  in.;  if  greater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

36.  Packing  Spools  or  Separators. — Packing  spools  or  separators  shall  be  of  cast-iron,  made 
irin|  to  size  and  shape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  J  in.  larger  than  diameter 

/  of  pacldi^  bolts, 
a  I  37.  Cast  Washers. — Cast  washers  shall  be  of  cast-iron.     The  diameter  shall  be  not  less  than 

^     3I  times  the  diameter  of  bolt  for  which  it  is  used,  and  its  thickness  equal  to  the  diameter  of  bolt; 
the  diameter  of  hole  shall  be  J  in.  larger  than  the  diameter  of  the  bolt. 

38.  Wrought  Washers. — Wrought  washers  shall  be  of  wrought-iron  or  steel,  the  diameter 
shall  be  not  less  than  3}  times  the  diameter  of  bolt  for  which  it  is  used,  and  not  less  than  }  in. 
thick.     The  hole  shall  be  J  in.  larger  than  the  diameter  of  the  bolt. 

39.  Special  Castin|;s. — ^Special  castings  shall  be  made  true  to  pattern,  without  wind,  free  from 
flaws  and  excessive  shnnkage,  size  and  shape  to  be  as  called  for  by  the  plans. 
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TIMBER  BRIDGES  AND  TRESTLES. 


Chap.  VII. 


Working  Unit-Strbssbs  for  Structural  Timber  Expressed  in  Pounds  per  Square 

Inch.* 

Note. — ^The  workine  unit-stresses  given  in  Table  V  are  intended  for  railroad  bridges  and 
trestles.  For  highway  bridges  and  trades  the  unit-stresses  may  be  increased  twenty-nve  (25) 
per  cent.  For  buildings  and  similar  structures,  in  which  the  timber  is  protected  from  the  weather 
and  practically  free  from  impact,  the  unit  stresses  may  be  increased  fifty  (50)  per  cent.  To 
compute  the  deflection  of  a  beam  under  long-continued  loading  instead  of  that  when  the  load  is 
first  applied,  only  fifty  per  cent  of  the  corresponding  modulus  of  elasticity  given  in  the  table  b 
to  be  employed. 

TABLE  V. 

Unit  Stresses  for  Structural  Timber  Expressed  in  Pounds  per  Square  Inch. 

American  Railway  Engineering  Association. 


Kind  of  Timber. 


Douglas  fir. 


Longleaf  pine  . . . 
Shortleaf  pine. . . 
White  pine 


Bending. 


Extreme 
Fiber 
Stress. 


^^. 


<5 


Spruce , 


Norway  pine. . . . 
Tamarack 


Western  hemlock 


Redwood. 


Bald  cypress. .. . 
Red  cedar 


White  oak. 


6100 


6500 
5600 
4400 
4800 
4200 
4600 
5800 


5000 


4800 


4200 


5700 


I. 


Modulus 

of 
Elasticity. 


1200 


1300 


1 100 


900 


1000 


800 


900 


1 100 


900 


900 
800 


1 100 


1,510,000 
1,610,000 
1,480,000 


1,130,000 


1,310,000 


1,190,000 


1,220,000 


1,480,000 
800,000 

1,150,000 
860,000 


1,150,000 


Shearing. 


Parallel 
to  Grain. 


<5 


690 


720 


710 


400 
600 

590* 

670 

630 


300 


500 


840 


CA 


170 


180 


170 


100 


150 


130 


170 

160 


80 


120 


210 


Longitudi- 
nal Shear 
in  Beams. 


Compression. 


Perpen- 
dicular 
toGrain. 


:3  w, 

<5 


270 


300 


330 


180 


170 


250 
260 

270t 


270 


no 


120 


130 


70 


70 


100 


100 


100 


no 


630 


520 


340 


290 


370 


Parallel  to 
Grain. 


I 


.•3 

<5 


310'  3600 

I 
260  3800 


170 


150 
180 


150 


. .  220 


440220 


400  150 


3400 


3000 


3200 
26oot 

3200t 


3500 


3300 


340 170  3900 


470230 


920450 


2800 


3500 


i 


1200 


1300 


1 100 


1000 


1 100 


800 


1000 


1200 


900 


1 100 


M 

i- 

If 


900 


980 
830 
750 

830 


600 


750 


900 


680 


830 


900680 


1300 


980 


as: 


1^3 


H 

ll 


1 100 


1000 


1 100 


800 


1000 


1200 


900 


1 100 


900 


10 


10 


10 


10 


1300 


12 


Note. — ^These  unit  stresses  are  for  a  green  condition  of  timber  and  are  to  be  used  without  in- 
creasing  the  live  load  stresses  for  impact. 


REFERENCES. — For  additional  details  and  information  the  following  references  may  be 
consulted : 

Foster's  "  A  Treatise  on  Wooden  Trestle  Bridges,"  John  Wiley  &  Sons,  gives  data  and 
details  of  the  design  of  timber  trestles. 

Jacoby's  "  Structural  Details  ;  Design  of  Heavy  Framing,**  John  Wiley  &  Sons,  gives  data 
and  details  of  the  design  of  timber  trestles  and  timber  structures,  and  is  the  best  book  on  tim- 
ber construction.  Every  engineer  interested  in  the  design  of  timber  structures  should  have  a 
copy  of  Jacoby's  "  Structural  Details.** 

*  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 

t  Partially  air-dry.  /  =  length  in  inches.  d  «  least  side  in  inches. 


CHAPTER  VIII. 
Steel  Bins. 

StresMB  in  Bin  WallB. — The  problem  of  the  calculation  of  pressures  on  bi 
to  tbe  problem  of  the  calculation  of  pressures  on  retainii^  waits;  but  in  the  cas 
material  is  limited  in  extent  and  the  condition  of  static  equilibrium  is  disturbe 
material  from  the  bottom  of  the  bin.  For  plane  bin  walls  where  the  plane  of 
free  surface  of  the  material  (shallow  bins),  the  formulas  developed  for  retaining 
applicable  it  friction  on  tbe  wall  is  considered.  The  graphic  solution  will  be  f< 
and  most  direct  for  any  particular  case.  The  following  analyses  of  tbe  calculat 
bins  have  been  abstracted  from  the  author's  "The  Design  of  Walls,  Bins  and  < 
wcond  edition. 

STRESSES  IN  SHALLOW  BINS.— The  problem  of  the  cakuUtion  of 
bin  walls  is  the  same  as  the  problem  of  the  calculation  of  pressureu  on  retaining  * 
acting  on  bin  walls  depend  upon  the  weight,  angle  of  repose,  moisture,  etc.,  of  th 
aic  variable  factors,  but  are  less  variable  than  for  the  filling  of  retaining  walls. 

Alcebnic  Solution. — The  same  nomenclature  will  be  used  as  in  rctainii^  wa 
will  be  used  to  indicate  the  pressure  obtained  by  means  of  Cain's  formulas  whe 
indicate  the  normal  component  of  F'.  and  N  will  indicate  the  normal  pressure 
^'  —  o.    This  analyuB  applies  to  shallow  bins,  only.* 

Cote  1.     Vertical  WaU,  Surface  Lena.    Angle  s  -  «'.    Fig.  t. 

P'-\v>h*~ 


-♦•(■w-'"'*rro' 


W  -  P'.cos 


■    /"-COB  t 


B 

T^-^r 
'it 


A  .< 

^  A 

Fig.  I. 

If  4'  ~  o,  which  corresponds  to  a  smooth  wall, 

JV-  iiD-*«-tan'(45°-W2) 
*  A  shallow  bin  is  one  where  tbe  plane  of  rupture  cuts  the  free  surface  of  tl 
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TABLE  L 
Constants  for  Steel  Plate  Bins,  Case  i. 


Chap.  VIIL 


Material. 

Dei^ees. 

0' 
Degrees. 

W 
Lb.  Per 
Cu.  Ft. 

Lb. 

Lb. 

N 
Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 

34 
40 

18 
16 
18 

31 

50 
52 
90 
40 

6.I3A* 

8.73A* 

II.50A* 

4.02A* 

5.83A* 

8.39A« 
10.93A* 

3.44A* 

6.75A« 

9-77A* 
12.72A* 

4.34A* 

Ashes 

Case  2. 


Vertical  Wall,  Surface  Surcharged  at  Angle  6,    Angle  z  »  <t>\     Fig.  2. 

cos*  0 


P'  =  iwA« 


cos 


If 


If 


.//',.    ^  /  sin  (<^  -f  »0  sin  (0  -  g)  y 
^  V  '  "^  \  cos0'.cosa  / 

N'  -  P'.cos0' 

cos  0 

0'  *  o 
N  =  Jw'A**cos*  0 


Fig.  2. 


TABLE  II. 
Constants  for  Steel  Plate  Bins,  Case  2. 


0. 


Case  3,     Vertical  Wall,  Surcharge  Negative  —  8.     Angle  s  =  0'.     Fig.  3. 

cos*  <f> 


P'  =  iw-A* 


cos^-(i+V"""^^^^?""i^"^'0' 

\  X  COS  ^- COS  S  ' 


N'.  =  /"-cos  ♦' 


(6) 

(7) 

(8) 
(9) 

(10) 


Material. 

Desrees. 

Degrees. 

w    . 

Lb.  Per 
Cu.  Ft. 

.  P* 
Lb. 

Lb. 

N 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 

27 

34 
40 

18 
16 
18 

31 

50 

52 
90 
40 

I7.65A* 

2 1. 45  A* 
32.50A* 
i3.7oA' 

i6.75A« 
20.50A' 
30.90A* 
II.73A* 

i6.75A« 
icsoA* 
30.90A* 
"•73  A* 

Ashes 

(n) 


(w) 
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Chap.  VIII. 


Cau  6.     WaU  Sloping  Outward.    9  >  90""  +  0'.    Suffau  Levd,    Fig.  6. 

P  -  Jw/i«-tan«  (45**  -  0/2) 


?«:•■■ 


■^■■^ 


'}  , 


■  r  • 


«.    9 

.,        ,  f 


I      . 


Fig.  5. 

=  iw*«Vtan*a  +  tan*  (45**  -  0/2) 

tan  9 


tan  (^  +  «  —  90**) 


(18) 
(19) 


Fig.  6. 

For  a  wall  sloping  outwards,  and  sloping  surface  the  use  of  formulas  is  cumbersome  and  the 
calculations  can  be  more  easily  made  by  graphic  methods  as  explained  on  succeeding  pages. 

Tables  of  Pressure  on  Vertical  Bin  Walls. — The  normal  pressure  on  vertical  bin  walls  as 
calculated  by  the  preceding  formulas  for  bituminous  coal,  anthracite  coal,  sand,  and  ashes  are 
given  in  Table  IV,  Table  V,  Table  VI,  and  Table  VII,  respectively.  In  the  tables  column  i  gives 
the  normal  pressure  for  a  smooth  vertical  wall  and  horizontal  surcharge,  while  column  4  gives 
the  normal  pressure  on  a  rough  wall  with  an  angle  of  friction  ^  ^',  Column  2  gives  the  normal 
pressure  for  a  smooth  vertical  wall  and  a  surcharge  »  0,  while  column  5  gives  the  normal  pressure 
on  a  rough  wall  with  an  angle  of  friction  »  <f>'.  Column  3  gives  the  normal  pressure  for  a  smooth 
vertical  wall  and  a  negative  surcharge  =  —  0,  while  column  6  gives  the  normal  pressure  on  a 
rough  wall  with  an  angle  of  friction  —  0'.  It  will  be  seen  that  the  pressures  in  columns  2  and  5 
are  identical.  For  a  vertical  wall  with  5=0,  the  normal  pressures  as  given  by  Rankine's  and 
Cain's  formulas  are  identical. 

These  tables  have  been  taken  from  the  author's  ''The  Design  of  Walls,  Bins  and  Grain 
Elevators.**  The  tables  of  pressures  and  the  formulas  were  first  published  in  a  modified  form 
by  Mr.  R.  W.  Dull,  in  Engineering  News. 
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The  total  pressures  are  given  for  a  wall  one  foot  long  in  all  cases. 

Note. — ^These  tables  apply  to  shallow  bins  only  (bins  where  the  plane  of  rupture  cuts  the 
free  surface  of  the  filling).  For  the  calculation  of  the  stresses  in  deep  bins  (bins  where  the  plane 
of  rupture  cuts  the  side  ci  the  bin)  see  Chaptef  IX,  Steel  Grain  Elevators. 


TABLE  IV. 

Total  Pressuss  in  Pounds  for  Depth  "h"  for  Bituminous  Coal. 

Wall  One  Foot  Long. 

w  -=50  lb.,  0  =  35^ 


Depth,  h. 
in  Feet. 

Smooth  WaU.  ^'  - 

•  0. 

Rough  WaU,  Angle  of  Friction  -  ^'-  x8^      | 

I 

2 

3 

4 

5 

6 

,--^*- 

,--^*- 

^toai^k     ^^^^A     ^m    ^    ^m 

AAA    A   ^Avw* 

h      ^^ 

x^ 

h 

• 

h 

:j^ 

^^* 

^i^M 

^^" 

i^JL 

i-X^ 

i-X" 

-t- 

- 

i.-L 

jL. 

- 

0'  =  0 

5  »  0 

5  =  -  0 

0'  «  l8« 

5  a  0 

s  = 

-<f> 

I 

6.75 

16.75 

5.83 

5.83 

16.75 

4.27 

2 

V 

67 

20.5 

23.32 

67 

17. 1 

3 

60.75 

150.75 

46.2 

52.47 

150.7s 

38.4 

4 

108 

268 

82 

93-4 

268 

68.3 

5 

168.7s 

418.75 

128 

145.7 

418.75 

107 

6 

243 

603 

184.5 

209.4 

603 

156 

7 

333 

821 

257 

286 

821 

209 

8 

432 

1,072 

328 

373 

1,072 

273 

9 

§47 

1,357 

415 

472 

1,357 

346 

10 

675 

1,675 

513 

583 

1,675 

427 

II 

817 

2,027 

615 

705 

2,027 

516 

12 

972 

2,412 

735 

840 

2,412 

615 

13 

1,141 

2,831 

866 

985 

2,831 

722 

H 

1,323 

3,283 

1,005 

i,H3 

3,283 

838 

IS 

1,519 

3,769 

1,152 

1,312 

3,769 

960 

16 

1,728 

4,288 

1,311 

1,492 

4,288 

1,093 

17 

1,951 

4,841 

1,480 

1,685 

4,841 

1,232 

18 

2,187 

5,427 

1,660 

1,889 

5,427 

1,382 

19 

2,437 

6,047 

1,852 

2,105 

6,047 

1,541 

20 

2,700 

6,700 

2,052 

2,332 

6,700 

1,708 

21 

2,977 

7,387 

2,262 

2,571 

7,387 

1,883 

22 

3,267 

8,102 

2,483 

2,821 

8,102 

2,067 

23 

3,571 

8,861 

2,560 

3,084 

8,861 

2,259 

H 

3,888 

9,648 

2,810 

3,358 

9,648 

2,460 

2,669 

iS 

4,219 

10,469 

3,206 

3,644 

10,469 

26 

4,563 

",323 

3,468 

3,941 

",323 

2,887 

27 

4,923 

12,211 

3,740 

4,250 

12,211 

3,"3 

28 

5,292 

13,142 

4,022 

4,570 

13,142 

3,348 

29 

5,677 

14,087 

4,314 

4,903 

14,087 

3,591 

30 

6,075 

15,075 

4,617 

5,247 

15,075 

3,843 
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TABLE  VI. 


Total  Pressure  in  Pounds  for  Depth  "h"  for  Sand. 

Wall  One  Foot  Long. 


w 


90  A.,  0  =-  34**. 


Depth,  h. 

Smooth  Wall.  ^'  - 

0. 

Rough  Wall.  Angle  of  Frictloo 

I  -  ^  -  18*. 

I 

2 

3 

4 

5 

6 

Tf^- 

T-K*- 

in  Feet. 

■^'Tn* 

"^Ts* 

h 

h     ^ 

h  /)* 

h 

h     ^ 

h  ./^ 

.tJT 

±jr 

i.JT 

i,jr 

i.X" 

jLX 

0' »  0 

a »  0 

5  «  -  0 

0'  =  i8« 

5  <"  0 

5 «  —  <^ 

I 

12.72 

30.9 

9.61 

10.93 

30.9 

8 

2 

50.8 

123.6 

38.4 

43.7 

123.6 

32 

3 

114.S 

278 

86.40 

98.5 

278 

72 

4 

203.7 

494 

II3-8 

175 

494 

128 

5 

318 

772 

240 

273 

772 

200 

6 

458 

1,113 

346 

394 

1,113 

288 

7 

624 

1,515 

615 

535 

1,515 

392 

8 

81S 

1,980 

700 

1,980 

512 

9 

1,030 

2,500 

778 

885 

2,500 

648 

ID 

1,272 

3,090 

961 

1,093 

3,090 

800 

II 

1,540 

3,740 

1,162 

1,345 

3,740 

968 

12 

1,833 

4,450 

1,383 

1,575 

4,450 

1,152 

13 

2,150 

5,230 

1,624 

1,848 

5,230 

1,352 

14 

*,49S 

6,060 

1,880 

2,160 

6,060 

1,568 

IS 

2,862 

6,960 

2,160 

2,460 

6,960 

1,800 

16 

3,256 

7,910 

2,460 

2,798 

7,910 

2,048 

17 

3,676 

8,930 

2,777 

3,159 

8,930 

2,312 

18 

4,121 

10,012 

3,114 

3,541 

10,012 

2,592 

19 

4,59^ 

",155 

3,469 

3,946 

",155 

2,888 

20 

5,088 

12,360 

3,844 

4,372 

12,360 

3,200 

21 

5,610 

13,627 

4,238 

4,820 

13,627 

3,528 

22 

6,156 

14,956 

4,651 

5,290 

14,956 
16,346 

3,872 

23 

6,729 

16,346 

5,084 

5,782 

4,232 

24 

7,327 

17,798 

5,535 

6,296 

17,798 

4,608 

25 

7,950 

19,313 

6,006 

6,831 

19,313 

5,000 

26 

8,599 

20,889 

6,496 

7,389 

20,889 

5,408 

27 

9,273 

22,526 

7,006 

7,968 

22,526 

5,832 

28 

9,972 

24,225 

7,534 

8,569 

24,225 

6,272 

29 

10,698 

25,987 

8,082 

9,192 

25,987 

6,728 

30 

11,448 

27,810 

8,649 

9,837 

27,810 

7,200 

21 
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TABLE  VII. 

Total  Psbssurb  in  Pounds  for  Depth  "h"  for  Ashes. 

Wall  One  Foot  Long. 

« 
w  >■  40  lb.,  0  =  40®. 


in  Feet. 

Smooth  WaU.  0'  - 

0. 

Roui 

Eh  WaU.  Angle  of  FricUoii 

I  -  ♦'  -  3l». 

I 

2 

3 

4 

5 

6 

_^d> 

^#^*. 

h 

h 

riy 

h 

h 

i-JT 

i-J!^ 

i-jtr 

X. 

- 

JlJT 

jlX" 

0'   m   0 

S  ^  tt> 

5  -  -  <^ 

0'-3i" 

a  «=  0 

5  -  -  0 

I 

4.3s 

11.73 

3.23 

3-44 
13.76 

11.73 

2.45 

2 

17.4 

47 

12.9 

47 

9.80 

3 

39.2 

105.7 

29.01 

30.96 

105.7 

22.05 

4 

69.6 

188 

31.7 

55.04 

188 

39.20 

5 

108.7 

294 

80.8 

86 

294 

61.2 

6 

156.4 

423 

116 

124 

423 

88.2 

7 

213 

576 

158 

168 

576 

120 

8 

278 

751 

207 

220 

751 

157 

9 

35^ 

952 

261 

279 

952 

199 

10 

435 

1,173 

323 

344 

1,173 

245 

II 

526 

1,420 

391 

416 

1,420 

296 

12 

626 

1,690 

465 

495 

1,690 

353 

13 

735 

1,985 

546 

S8i 

1,985 

414 

14 

852 

2,300 

634 

674 

2,300 

480 

IS 

978 

2,640 

726 

774 

2,640 

550 

16 

1,113 

3,010 

828 

881 

3,010 

627 

17 

1,257 

3,400 

934 

994 

3,400 

708 

18 

1,408 

3,803 

1,045 

1,115 

3,803 

794 

19 

1,527 

4,240 

1,165 

1,242 

4,240 

884 

20 

1,740 

4,700 

1,290 

1,376 

4,700 

980 

21 

1,920 

5,181 

1,423 

1,517 

5,181 

1,080 

22 

2,100 

5,677 

1,561 

1,665 

5,677 

1,186 

23 

2,300 

6,215 

1,706 

1,820 

6,215 

1,296 

^4 

2,506 

6,756 

1,860 

1,981 

6,756 

1,411 

^5 

2,720 

7,331 

2,017 

,     2,150 

7,331 

1,531 

26 

2,940 

7,929 

2,180 

2,325 

7,929 

1,656 

27 

3,165 

8,551 

2,352 

2,508 

8,551 

1,786 

28 

3,406 

9,196 

2,530 

1     2,697 

9,196 

1,921 

29 

3,660 

9,865 

2,718 

1     2,893 

9,865 

2,060 

30 

3,915 

10,557 

2,910 

3,096 

10,557 

2,205 

1 1 
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T  »  maximum  tension  in  plate  in  lb.  per  lineal  foot  of  bin; 
V  «■  reaction  of  the  bunker  in  lb.  per  lineal  foot  of  bin; 
C  »=  capacity  of  bunker  in  cu.  ft.  per  lineal  foot  of  bin; 
B  s  origin  of  coordinates. 
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Fig.  II. 


Kow  if  the  right-hand  half  of  the  bunker  be  cut  away  as  in  (6)  and  moments  be  taken  about 
A,  the  moment  will  be 

M  =  H'S  (20) 

If  the  bunker  be  assumed  as  an  equilibrium  polygon  drawn  by  using  a  force  pcJygon,  the  bending 
moment  at  the  center  is  equal  to  the  pole  distance  multiplied  by  the  intercept  S.  Therefore  H 
must  be  equal  to  the  pole  distance  of  the  force  polygon. 

The  following  equations  are  deduced  in  the  author's  "The  Design  of  Walls,  Bins  and  Grain 
Elevators." 

Equation  of  the  curve  of  the  bunker 

y  =  §|^(3**-j)  (21) 

Capacity  of  bunker  level  full 

'C-I/.5  (22) 

In  calculating  P  for  any  given  bunker,  since  P  is  the  maximum  pressure  for  a  triangular 
loading 


for  a  bunker  level  full 
also 


/ 
P  ^.iS'W 


H  = 


zs 


(24) 
(25) 
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7-  iCw 

■»  iS'l'Wf  for  a  bin  level  full 


••u^i 


+ 


95» 


(26) 
(27) 


The  length  of  the  curve  of  a  suspension  bunker  is  given  in  Table  VIII. 

TABLE  VIII. 
Length  of  One-Half  Cukve,  L. 


Sag  ntio  «  SIL 

Length.  L.                |          Sag  ratio  -  SIL 

Length.  L. 

1 

i 
i 

1.06378/ 
1.13686/ 
1.22992/ 
1.28307/ 
1.36651/ 

I 

1.^5722/ 
I.61131/ 
1.71906/ 
1.85815/ 

The  curve  may  be  constructed  graphically  as  follows:  In  (c)  Fig.  11  it  is  required  to  pass 
the  curve  through  the  points  A  and  B.  The  loads  i,  2,  3,  4,  etc.,  are  laid  off  in  the  force  polygon 
{d),  and  a  pole  0  is  taken.  The  equilibrium  polygon  A-B'  is  then  constructed  in  (c).  Now  we 
know  from  graphic  statics  that  if  two  poles  be  taken  for  the  force  polygon  in  (d),  and  corresponding 
equilibrium  polygons  be  drawn  through  Ay  the  strings  meeting  on  the  same  load  will  intersect  on  a 
Hoe  through  A  parallel  to  the  line  O-C,  Now  D  is  determined  by  the  intersection  of  rays  D-B' 
and  D-B,    The  true  curve  is  then  easily  constructed  and  pole  O*  is  located. 

If  the  bunker  is  surcharged  by  vertical  walls  as  shown  in  (e)  the  curve  is  extended  until  it 
meets  the  slope  of  the  material,  and  the  span  and  sag  are  to  be  used  as  shown. 

Deep  Bins. — ^For  the  calculation  of  the  stresses  in  deep  bins,  see  the  calculation  of  the  stresses 
in  grain  bins,  Chapter  IX. 

For  methods  of  calculating  the  stresses  in  hopper  bins  with  the  top  surface  surcharged,  and 
the  calculation  of  the  stresses  in  bin  bottoms  and  circular  girders,  see  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Anf^e  of  Repose. — ^The  angle  of  repose  and  the  weights  of  different  materials  are  given  in 
Table  IX. 

DATA. — For  angles  of  internal  friction,  see  Table  IX,  and  for  angles  of  friction  on  bin  walls, 

Table  X. 

TABLE  IX. 

Weight  and  Angle  op  Repose  op  Coal,  Coke,  Ashes  and  Ore. 


Material. 

Weight  Lb. 
per  Cu.  Ft. 

Angleof  Repoee 
^  in  Degrees. 

Authority. 

Bituminotit  coal 

SO 

47  to  56 
52 
52.1 

•  • 

52  to  56 

•  • 

S3 
23  to  32 

40 

40  to  45 

■   • 

35 
35 

•  • 

27 

27 
27 

•  • 

•  • 

40 

•  ■ 

1? 

Link  Belt  Machinery  Co. 
Link  Belt  Engineering  Co. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Link  Belt  Engineering  Co. 
K.  A.  Muellenhoff. 
Cambria  Steel. 
Wcllman-Seaver-Morgan  Co. 
Gilbert  and  Barth. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Cambria  Steel. 
Wellman-Seaver-Morgan  Co. 

Bituminous  coal 

Bituminous  coal 

Anthracite  coal 

Anthracite  coal 

Anthracite  coal  fine 

Anthracite  coal 

SUkedcoal 

Slaked  coal 

Coke 

Ashes 

Ashes,  soft  coal 

Ore.  soft  iron 

J  J 
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Coal,  ore,  etc.,  will  give  an  angle  of  «  —  40°  if  the  material  ia  dry,  but  if  the  material  ii  wet 
the  angle  of  repose  may  be  increased  to  nearly  90'. 

Angle  (rf  Friction  on  Kn  Walla. — The  values  in  Table  X  may  be  used  in  the  absence  of  nion 

TABLE  X. 
Angle  of  Fkiction  op  Dippbrent  Matbkials  on  Bin  Walls. 


"^fkafJtc^m  through  /icAt/j, 
Pig.  13.    CoEB  and  Stonb  Bins,  Lackawanna  Steel  Ca 

Sdf-cleaniiig  Hoppers. — In  order  to  have  hoppers  self-cleaning  when  the  matenal  is  mmit 
it  is  necessary  to  have  the  hopper  bottoms  slope  at  an  angle  considerably  in  excess  of  the  angle  of 
repose  ^  or  angle  of  friction  4'. 
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Ore  pockets  on  the  Great  Lakes  are  made  with  hopper  bottoms  at  an  angle  of  48'  40'  to 
50*  45',  but  the  majority  are  at  an  angle  of  49°  45'.  Bituminous  coal  wilt  slide  down  a  steel 
chute  at  an  angle  of  40*  and  a  wooden  chute  at  aii  angle  of  45".  Anthracite  coal  will  slide  down  a 
Keel  chute  at  an  angle  of  30°  and  down  a  wooden  chute  at  an  angle  of  35^ 


Fic.  1.).    Elevation  Cibculak  Stbbl  Orb  Bin  fob  Old  Douikion  Copper  Mining  Co. 


DESIGN  OF  BINS. — Bins  are  usually  subjected  to  sudden  loads  and  vibrations  and  should 
he  deugned  fen- two-thirds  the  allowable  unit  stresses  for  dead  loads  given  in  II33  to  41,  inclusive, 
ia  "Specifications  for  Steel  Frame  Buildings,"  Chapter  I. 

Bins  are  made  of  timber,  of  structural  steel,  or  of  concrete,  or  the  different  materials  may 
be  used  in  combination. 

FLAT  PLATES.— The  analysis  of  the  stresses  in  flat  plates  supported  or  fixed  at  their  edges 
is  extremely  difficult.  The  following  formulas  by  Grashof  may  be  used:  The  coefficient  of  lateral 
eootractton  is  taken  as  }.  For  a  full  discussion  of  these  formulas  based  on  Grashof's  "Thoorie 
Der  Elaslidtat  nnd  Festigkeit"  see  Lanza's  Applied  Mechanics. 

I.  CircMlaT  plait  of  radius  r  and  thkkmss  I,  supported  around  Us  perimeUr  and  haded  with  vi 
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per  square  inch. — Let  /  —  maximum  fiber  stress,  v  —  main  mum  deflection,  and  £  ~  modulus  of 
elasticity, 


i 


(3°) 

(31) 

'  <k«  tdgfis  and 


BUCKLE    PLATES.  SlS 

carrying  a  mtiform  lead  u  per  square  inch. — Let  /a  be  the  unit  stress  parallel  to  a,  ^  be  the  unit 
ftress  parallel  to  6,  and  a>  b. 

^*  "  i/rtt  -1-  mit  '         ■'*  ™  5(n*  4.  Win  "^' 


For  a  square  plate  o 


3(0*  +  6*)^ 


03) 


/--IS-  (34) 


4/. 

""5^  (»> 

The  strength  of  plates  umply  supported  on  the  edges  is  about  |  the  Etrength  of  plates  fixed. 

Plates  riveted  or  bolted  around  the  edges  may  be  considered  as  fixed. 

For  a  diagram  giving  the  safe  loads  on  flat  plates,  see  the  author's  "  The  Design  of  Walls, 

Bins  and  Grain  Elevators,"  also  see  Part  II. 

BucUe  Ptetea. — Buckle  plates  are  made  by  "dishing"  flat  plates  as  in  Table  59,  Part  IL 

The  width  of  the  buckle  W,  or  length  L.  varies  from  3  ft.  6  in.  to  5  ft.  6  in.    The  buckles  may  be 

turned  with  the  greater  dimension  in  either  direction  of  the  plate.     Several  buckles  may  be  put 


Fig.  15.    Coal  Bunkbrs,  Rapid  Transit  Subway,  New  Yoke,  N.  Y. 

in  one  plate,  all  of  whkh  must  be  the  same  size  and  symmetrically  placed.  Buckle  plates  are 
nude  t  '»••  A  in.,  |  in.  and  A  ■"■  >"  thickness.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  in.,  and  should  be  supported  transversely  between 
the  buckles.  The  process  of  buckling  distorts  the  plate  and  an  extra  width  should  be  ordered  and 
the  plate  should  be  trimmed  after  the  process  is  complete. 
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Strength  of  Buckle  Platet. — The  safe  load  for  a  buckle  plate  with  buckle*  placed  up,  it  approxi- 
mately given  by  the  formula 

W  =  4fRt  (36) 

safe  unifomi  load  in  lb.  per  inch  of  width  of  plate; 
unit  Btress  in  lb.  per  sq.  in.; 
h  of  buckle  in  in.; 
:ness  of  plate  in  in. 
ttes  are  riveted  and  the  buckle  placed  down  the  safe  load  is  from  3  to  4  times 


:  BuspenaioQ  bunker,  (3)  the  hopper 


BINS.— The  most  common  types  are  (i)  tl 
:ircular  bin. 

Bonken. — Suspension  bunkers  are  made  by  suipending  a  steel  framework  from 
i,  the  weight  of  the  filling  cauung  the  sides  to  assume  the  curve  of  an  equilibrium 
resaes  in  the  plates  of  a  true  suspension  bunker  are  pure  tensile  stresses.  Steel 
:rB  are  commonly  lined  with  a  concrete  Itnii^  about  i)  to  3)  in.  thick,  reinforced 
to  protect  the  metal  of  the  bin. 
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16.     Coal  Buneeks,  Rapid  Transit  Subway.  New  Yoke,  N.  Y. 

i. — Hopper  bins  may  be  made  of  timber,  steel,  or  reinforced  concrete.  A  steel 
in,  erected  by  the  Lackawanna  Steel  Company,  ia  shown  in  Fig.  la.  These  bins 
I  panels  12  ft.  6  in.  center  to  centi-r,  with  double  partitions  at  each  panel  pinnt, 
ngth  of  II  ft.  6  in.  The  bins  are  lined  throughout  with  \  in.  plates.  All  rivets 
luntersunk.    The  gates  at  the  bottom  of  the  bin  are  cylindrical  and  are  revolved 
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by  a  cystem  of  shafting  and  gears.  There  b  an  opening  in  the  side  of  the  drum,  and  when  the 
drum  is  revolved  this  opening  comes  opposite  the  opening  in  the  bottom  of  the  bin  and  the  drum 
is  filled.    The  drum  is  then  revolved  and  the  material  is  dumped  into  the  lames. 

CiicaUr  Bins. — Circular  bins  are  made  of  both  steel  and  reinforced  concrete.  A  circular 
ore  bin  with  a  hemispherical  bottom  is  shown  in  Fig.  13  and  Fig.  14. 

EXAMPLES  OF  BIKS.  Steel  Coal  Bin  toi  Kapid  Transit  Subway. — A  cross-section  of  a 
1,000-ton  suspension  bunker  built  by  the  Rapid  Transit  Subway,  New  York  City,  is  shown  in 
¥i$.  15  and  Fig.  16.  The  bunker  is  supported  on  posts  and  is  covered  by  corrugated  steel.  The 
bia  is  lined  with  a  layer  <A  concrete  3}  in.  thick,  reinforced  with  expanded  metal.  The  details  lA 
construction  are  plainly  shown  in 


Plan  of  Hypers  and 
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Fig.  17.    HoppBK  Bin  Camanba  Consolidated  Copper  Co.,  Cananba,  Mexico. 
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Ore  Blna  for  Cuunea  Coiuolidated  Copper  Compaiqr. — Detail  drawii^  of  a  hopper  oie 
bin  built  by  the  Cananea  Consolidated  Copper  Company  are  shown  in  Fig.  17.  The  ore  is  coarw 
and  heavy  and  b  dumped  from  cars  on  the  top  of  the  bine.  The  ore  is  drawn  off  through  gaCei 
on  the  bottom  and  is  cairied  away  on  a  conveyor.  The  side  platea  are  i  in.  thick  and  are  etiffened 
with  channels  spaced  about  4  ft.  apart.  The  hopper  plates  are  |  in.  thick  and  aic  stiffened  with 
10  in.  channels. 


£nd)r»w  CmsStcthn  atUnter 

Fig.  i8.    Steel  Coal  Bins  at  Coekton,  W.  Va. 

Sted  Coal  Bins  for  Davis  Coal  and  Coke  Co.^The  steel  coal  bin  shown  in  Fig.  18  wasdesigiKd 
by  the  Ainericaa  Bridge  Company  for  the  Davis  Coal  and  Coke  Co.  for  the  coke  ovens  at  Coketon, 
W.  Va,  The  framework  is  made  of  structural  steel  and  is  covered  with  comigated  steeL  The 
bin  is  lined  with  3  in,  oak  plank  spiked  to  timber  spiking  pieces  which  are  bolted  to  the  sled 
beams.  The  bin  is  carried  on  plate  girders  each  having  a  web  plate  96  in.  X  |  in.,  and  top  and 
bottom  flanges  of  two  angles  6"  X  6"  X  A"-  f^e  bin  is  filled  by  a  belt  conveyor  pasmng  over 
the  top  of  the  bin,  as  shown  in  Fig.  16.  The  coal  is  drawn  from  the  bine  through  gates  into  car* 
and  is  hauled  to  the  coke  ovens.    The  capacity  of  the  bin  is  300  tons. 

References. — For  the  design  of  reinforced  concrete  trios,  and  for  additional  data  and  ei 
see  the  author's  "  The  Design  of  Walls,  Bins  aikd  Grain  Elevators." 


CHAPTER  IX. 
Steel  Grain  Elevators. 

Introdactioii. — Grain  elevators,  or  ''silos/'  as  they  are  called  in  Europe,  may  be  divided  into 
two  classes  according  to  the  arrangement  of  the  bins  and  elevating  machinery:  (a)  elevators 
which  are  self  contained,  with  all  the  storage  bins  in  the  main  elevator  or  working  house;  and 
(h)  elevators  having  a  working  house  containing  the  elevating  machinery,  while  the  storage  is  in 
bttts  connected  with  the  working  house  by  conveyors.  The  working  house  is  usually  rectangular 
in  shape,  with  square  or  circular  bins;  while  the  independent  storage  bins  are  usually  circular. 

With  reference  to  the  materials  of  which  they  are  constructed,  elevators  may  be  divided 
into  (i)  timber;  (2)  steel;  (3)  concrete;  (4)  tile,  and  (5)  brick.  Steel  grain  elevators,  only,  will 
be  considered  in  this  chapter.  For  a  complete  treatise  on  the  design  of  grain  elevators,  see  the 
author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

STRESSES  IN  GRAIN  BINS.— The  problem  of  calculating  the  pressure  of  grain  on  bin 
walls  is  somewhat  similar  to  the  problem  of  the  retaining  wall,  but  is  not  so  simple.  The  theory 
of  Rankine  will  apply  in  the  case  of  shallow  bins  with  smooth  walls  where  the  plane  of  rupture 
cuts  the  grain  surface,  but  will  not  apply  to  deep  bins  or  bins  with  rough  walls.  (It  should  be 
remembered  that  Rankine  assumes  a  granular  mass  of  unlimited  extent.) 

Stresses  in  Deep  Bins. — ^Where  the  plane  of  rupture  cuts  the  sides  of  the  bin  the  solution  for 
shallow  bins  does  not  apply. 

Nomenclature, — ^The  following  nomenclature  will  be  used: 
^  »  angle  of  repose  of  the  filling; 
^'  »  the  angle  of  friction  of  the  filling  on  the  bin  walls; 
ti  ^  tan  ^  <B  coefficient  of  friction  of  filling  on  filling; 
11'  «■  tan  ^'  »  coefficient  of  friction  of  filling  on  the  bin  walls; 
X  »  angle  of  rupture; 

V  >■  weight  of  filling  in  lb.  per  cu.  ft.; 

V  «>  vertical  pressure  of  the  filling  in  lb.  per  sq.  ft. ; 
L  »  lateral  pressure  of  the  filling  in  lb.  per  sq.  ft. ; 
A  >■  area  of  bin  in  sq.  ft.; 

U  »  circumference  of  bin  in  ft. ; 

R  'B  A/U  ^  hydraulic  radius  of  bin. 

Janssen's  Sdution. — ^The  bin  in  (a)  Fig.  i,  has  a  uniform  area  A,  a  constant  circumference  11, 
and  is  filled  with  a  granular  material  weighing  w  per  unit  of  volume,  and  having  an  angle  of  repose 
^  Let  V  be  the  vertical  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  V  and  L 
being  assumed  as  constant  for  all  points  on  the  horizontal  plane.  (More  correctly  V  and  L  will 
be  constant  on  the  surface  of  a  dome  as  in  (b),) 

The  weight  of  the  granular  material  between  the  sections  of  y  and  y  -{-  dy  ^  A'wdy;  the 
total  frictional  force  acting  upwards  at  the  circumference  will  be  »  L-  C/^*tan  ^''dy\  the  total 
perpendicular  pressure  on  the  upper  surface  will  he  ^  V'A;  and  the  total  pressure  on  the  lower 
surface  wUl  be -( V  +  <i  F)i4. 

Now  these  vertical  pressures  are  in  equilibrium,-  and 

V»A  -  (V  +  dV)A  +  A'W'dy  -  L*  U-tSin^'-dy  -  o 
and 

dV--  (w  -  L-tan^'-^)jy  (i) 
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Now  in  a  granular  mass,  the  lateral  pressure  at  any  point  is  equal  to  the  vertical  pressure 
times  k,  a  constant  for  the  particular  granular  material,  and 

Also  let  A/U  ^  R  (the  hydraulic  radius),  and  tan  4t'  »  fi'. 
Substituting  the  above  in  (i)  we  have 

Now  let 

R 


n 


and 


dV 


w  —  ti'V 


=  dy 


•       Surface  of  i  • 
Mcrferfa/-^ ' 

!                    y 

1                               1 

•                               1 

.       ^-^      *          0                   \ 

n             ^1 

1        "■<& 

1                       1 

f 

i-. 

A 

L'Udy 
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(o) 


L't/-<fy> 


I 


W 


(3) 


Fig.  I. 


and 


Integrating  (3)  we  have 

log  (w  —  «•  F)  =  —  w-y  +  C* 

Now  if  y  s«  o,  then  V  =  o,  and  C*  =  log  w,  and  (4)  reduces  to] 

,      (w-n'V\ 


to  ^y 

where  «  is  the  base  of  the  Naperian  system  of  logarithms.    Solving  for  V  we  have 


w 


V  =  ^  (I  _  ^-i..*) 


n 


Substituting  the  value  of  n  from  (2),  we  have 

7  =  -^  (I  -  r^./*Mf/^) 

Now  if  A  be  taken  as  the  depth  of  the  granular  material  at  any  point  we  will  have 


Also  since 


V  =  ^  (I  -  <r*-^'-*/«) 


(4) 


(5) 


(6) 


(7) 


DATA  FOR   DESIGN  OF  STEEL  GRAIN   BINS. 


L^k'V 

L  -  ~  (I  -  e-^i^'^hiB) 


321 


(8) 


Now  if  w  is  taken  in  lb.  per  cu.  ft.,  and  R  in  ft.,  the  pressure  will  be  given  in  lb.  per  sq.  ft. 
For  deep  bins  with  a  depth  of  more  than  two  and  one-half  diameters  the  last  term  of  the 
right  hand  member  of  (8)  may  be  omitted,  and 


.,      wR  .  , 

L   =8  — ;—  (approx.) 


(9) 


Now  both  n'  and  k  can  only  be  determined  by  experiment  on  the  particular  grain  and  kind  of 
bin.    For  wheat  and  a  wooden  bin,  Janssen  found  /  ""  0.3  and  k  »  0.67,  making  k'ti'  ^  0.20. 

Jamieson  found  by  experiment  that  for  wheat  k  —  0.6,  and  he  found  values  in  Table  I  for  // 
with  wheat  weighing  50  lb.  per  cu.  ft.  and  having  <t>  =>  28**,  m  ""  0.532: 

TABLE  I. 

COEFFiaENTS  OF  FWCTION  m'  FOR  WHEAT  ON  BiN  WaLLS. 

Jamieson. 
Wheat  Weighing  50  lb.  per  cu.  ft.,  and  Angle  of  Repose  ^  »  28  Degrees. 


Materials. 

CoeflSdent  of  Friction. 

Wheat  on  wheat 

0.532 

0.468 
0.375  to  0.400 
0.365  to  0.375 
0.400  to  0.425 
0.400  to  0.425 
0.420  to  0.450 

Wheat  on  tteel  troueh  plate  bin 

Wheat  on  steel  flat  nlate.  riveted  and  tie  bars 

Wheat  on  steel  cylinders,  riveted 

Wheat  on  ccment-concrcte,  smooth  to  roueh 

Wheat  on  tile  or  brick,  smooth  to  roueh 

Wheat  on  cribbed  wooden  bin 

PleisDer  obtained  the  values  of  m'  as  given  in  Table  II,  and  of  k  as  given  in  Table  III. 

TABLE  II. 
Coefficients  of  Friction  of  Grain  Bin  Walls.    Pleisner. 


Bins. 

Coefficient  of  Friction  «i' «  tan  ^'. 

Wheat. 

Rye. 

Cribbed  bin 

0.43 
0.58 
0.25 
0.45 
0.71 

0.54 
0.78 
0.37 
0.55 
0.8s 

Rineed  cribbed  bin 

Small  nlank  bin 

Larve  olank  bin^ 

Reinforced  concrete  bin 

TABLE  III. 
Values  of  k  »  LI  V  for  Wheat  and  Other  Grains  in  Different  Bins.    Pleisner. 


Bfaia. 

k  -  LfV. 

Wheat. 

Rye. 

Rape. 

F]ax-«eed. 

Cribbed  bin 

0.4    to  0.5 
0.4    to  0.5 
0.34  to  0.46 

0.3 
0.3    to  0.35 

0.23  to  0.32 
0.3    to  0.34 
0.3    to  0.45 
0.23  to  0.28 

0.3 

Rinsed  cribbed  bin 

SmAlt  nlank  bin 

0.5  to  0.6 

0.5  to  0.6 

L^nw  nlank  bin.  ........... 

Reinforced  concrete  bin .... 

1 

22 
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TABLE  IV. 
Hyperbolic  or  Naperian  Logarithms. 


N. 

Log. 

N. 

Log. 

N. 

Log. 

1. 00 

0.0000 

3-65 

1.2947 

6.60 

I.8871 

1.05 

0.0488 

3.70 

1.3083 

6.70 

1. 902 1 

l.IO 

0.0953 

3.75 

I.3218 

6.80 

I.9169 

I.I5 

0.1398 

3.80 

1.3350 

6.90 

1.93 15 

1.20 

0.1823 

3.85 

I.3481 

7.00 

1-9459 

1.25 

0.2231 

3.90 

I.3610 

7.20 

1. 9741 

1.30 

0.2624 

3-95 

1.3737 

740 

2.0015 

1.3s 

0.3001 

4.00 

1.3863 

7.60 

2.0281 

1.40 

0.3365 

4.05 

1.3987 

7.80 

2.0541 

1.45 

0.3716 

4.10 

I.4110 

8.00 

2.0794 

1.50 

0.4055 

4.15 

1.423 1 

8.25 

2.I102 

1.55 

0.4383 

4.20 

I4351 

8.50 

2.1^1 
2.1691 

1.60 

0.4700 

4.25 

1.4469 

8.75 

1.65 

0.5008 

4.30 

1.4586 

9.00 

2.1972 

1.70 

0.5306 

4-35 

1. 4701 

9.25 

2.2246 

175 

0.5596 

440 

1. 48 16 

9.50 

2.2513 

1.80 

0.5878 

4.45 

1.4929 

9.75 

2.2773 

1.85 

0.6152 

4.50 

1.5041 

10.00 

2.3026 

1.90 

0.6419 

4-55 

I.5151 

11.00 

2.3979 

i'9S 

0.6678 

4.60 

I.5261 

12.00 

2.4849 

2.00 

0.6931 

4.65 

1.5369 

13.00 

2.5649 

2.05 

0.7178 

4.70 

1.5476 

14.00 

2.6391 

2.10 

0.7419 

4.75 

I.5581 

15.00 

2.7081 

2.15 

0.7655 

4.80 

1.5686 

16.00 

2.7726 

2.20 

0.7885 

4.85 

1.5790 

17.00 

2.8332 

2.25 

0.8109 

4.90 

1.5892 

18.00 

2.8904 

2.30 

0.8329 

4-95 

1-5994 

19.00 

2.9444 

2.35 

0.8544 

5.00 

1.6094 

20.00 

2.9957 

2.40 

0.8755 

5.05 

1. 6194 

21.00 

30445 

2-45 

0.8961 

5.10 

1.6292 

22.00 

3.0910 

2.50 

0.9163 

5.15 

1.6390 

23.00 

3-1355 

2.55 

0.9361 

5.20 

1.6487 

24.00 

3.1781 

2.60 

0.9555 

5.25 

1.6582 

25.00 

3.2189 

2.65 

0.9746 

5.30 

1.6677 

26.00 

3.2581 

2.70 

0.9933 

5.35 

1.6771 

27.00 

3-2958 

2.7s 

I.OI16 

5.40 

1.6864 

28.00 

3.3322 

2.80 

1.0296 

5-45 

1.6956 

29.00 

3-3673 

2.85 

1.0473 

5.50 

1.7047 

30.00 

3.4012 

2.90 

1.0647 

5.55 

1.7138 

31.00 

3-4340 

2.95 

I.0818 

5.60 

1.7228 

32.00 

3-4657 

3.00 

1.0986 

5.65 

1.7317 

33.00 

3-4965 

3.05 

I.II54 

5-70 

1.7405 

34.00 

35264 

3.10 

I.1314 

5.75 

1.7492 

35.00 

3.5553 

3.15 

I  1474 

5.80 

1.7579 

40.00 

3.6889 

3.20 

1. 1632 

•5.85 

1.7664 

45.00 

3.8066 

3.25 

I. 1787 

5-90 

1.7750 

50.00 

3.9120 

3.30 

I. 1939 

5.95 

1.7834 

60.00 

40943 

3.35 

1.2090 

6.00 

1.7918 

70.00 

4.2485 

3.40 

1.2238 

6.  0 

1.8083 

80.00 

4.3820 

3.45 

1.2384 

6.20 

1.8245 

90.00 

4.4998 
4.6052 

3.50 

1.2528 

6.30 

1.8405 

100.00 

3.55 

1.2669 

6.40 

1.8563 

3,60 

1.2809 

6.50 

1.8718 

It  will  be  seen  in  (8)  that  the  maximum  lateral  pressure  in  a  bin  which  must  be  used  in  the 
design  of  deep  bins,  is  independent  of  k^  and  that  therefore  an  exact  determination  of  k  is  not  very 
^-tant.     In  calculating  the  values  of  V  and  L  in  (7)  and  (8),  it  is  necessary  to  use  a  table  of 
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natural  or  hyperbolic  logarithms.  A  brief  table  of  hyperbolic  logarithms  is  given  in  Table  IV. 
To  find  the  hyperbolic  logarithm  of  any  number,  using  a  table  of  Brigg's  or  common  logaritluna, 
use  the  relation:  The  hyperbolic  or  Naperian  logarithm  of  any  number  «  common  or  Brigg's 
logarithm  X  2.30259. 

The  author  has  calculated  the  lateral  pressures  on  steel  plate  bins,  Fig.  2, 
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Pre53ure  in  lbs.  per  aq.  in. 

Latbral  Pressure  in  Steel  Plate  Grain  Bins  Calculated  by  Janssen'sl 

Formula. 


To  use  Fig.  2  to  calculate  the  pressures  in  rectangular  bins,  calculate  the  pressure  in  a  circular 
or  square  bin  which  has  the  same  hydraulic  radius,  R(R  ^  area  of  bin  -»•  perimeter  of  bin),  as 
the  rectangular  bin. 

It  will  be  seen  in  Fig.  2  that  the  pressure  varies  as  the  diameters,  where  the  height  divided 
by  the  diameter  is  a  constant.  By  using  this  principle  the  pressure  for  any  other  diameter  within 
the  limits  of  the  diagram  may  be  directly  interpolated. 

Problem  z.  Required  the  lateral  pressure  at  the  bottom  of  a  cement  lined  bin,  10  ft.  in 
diameter  and  20  ft.  high,  containing  wheat  weighing  50  lb.  per  cu.  ft.  Assume  /u'  ""  0.416,  and 
k  -  0.6,  also  R  will  =■  2 J  ft.,  tcf  —  50  lb.,  A  =  20  ft.,  and  k'fi'  «  0.25. 

Now  from  (8) 

0.416     ^  ' 

"  300(1  -  «"*) 
Now  from  Table  IV  the  number  whose  hyperbolic  logarithm  is  2.00  is  7.40,  and 

=  260  lb.  per  sq.  ft., 
=  1.8  lb.  per  sq.  in. 
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German  Practice. — ^Janssen's  formula  is  given  in  Hutte  Des  Ingenieurs  Taschenbuch,  as 
the  standard  formula  for  the  design  of  grain  bins.  For  wheat  Janssen  found  that  m'  ""  0.3,  and 
k  »  0.67,  so  that  ti'*k  '^  0.20.  Using  these  values  and  changing  to  English  units,  we  have  for 
wheat, 

0.2   ^  ' 

or  a  d  ™  diameter  or  side  of  bin,  then 

V  «  iw'dii  -  «-o^/<) 

L  »i&.7 
which  is  the  German  practice. 

Load  on  Bin  Walls. — ^The  walls  of  a  deep  bin  carry  the  greater  part  of  the  weight  of  the 
contents  of  the  bin.  The  total  weight  carried  by  the  bin  walls  is  equal  to  the  total  pressure,  P, 
of  the  grain  on  the  bin  walls,  multiplied  by  the  coefficient  of  friction  n'  of  the  grain  on  the  bin 
walls. 

From  formula  (8)  the  unit  pressure  on  a  unit  at  a  depth  y  will  be 

L  -  —j^  (I  -  <-».^Mr/Jl)  (10) 

and  the  total  lateral  pressure  for  a  depth  y^  per  unit  of  length  of  the  perimeter  of  the  bin,  will  be 

P  =  J^  L-dy  ^  j^^^  (I  -  r^MMr/^)(fy 

=  —7-     y  -  T— 7  +  T— ?  •  e^i^'-tfi^  (11) 

Now  the  last  term  in  (11)  is  very  small  and  may  be  neglected  for  depths  of  more  than  two 
diameters,  and 

P  »  ^  yy-  Yy  J  (approx.)  (12) 

The  total  load  per  lineal  foot  carried  by  the  side  walls  of  the  bin  will  be 

p./  =.  w i^  r  y  -  —,  J  (approx.)  (13) 

For  the  total  weight  of  grain  carried  by  the  side  walls  multiply  (13)  by  the  length  of  the  cir- 
cumference of  the  bin. 

Formulas  (12)  and  (13)  may  be  deduced  as  follows: — ^The  grain  carried  by  the  sides  of  the 
bin  will  be  equal  to  the  total  weight  of  grain  in  the  bin  minus  the  pressure  on  the  bottom  of  the 
bin.     If  P  is  the  total  side  pressure  on  a  section  of  the  bin  one  unit  long,  then 

P'U'fi'  ^  W'A-y  —  A'V  (a) 

^W'A-y^  Eid:^  (I  -  r*MMr/iJ)  (h) 

and  solving  (6  a    r  r» 

«  H^  [^  y  -  _  J  (approx.)  (13) 

and  the  total  load  carried  on  a  section  of  the  bin  one  unit  long  will  be  found  by  multiplying  P  in 

(II)  by  m'.  and 
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-  w  ij  1^  3,  -  j^J  (approx.)  (13) 

For  example  take  a  steel  bin  10  ft.  in  diameter  and  100  ft.  deep;  weight  of  wheat,  w  <-  50 
lb.  per  cu.  ft.;  angle  of  friction  of  wheat  on  steel,  yf  =  0.375;  angle  of  repose  of  grain  on  grain, 
II  «  tan  28"  —  0.532  0*  does  not  occur  in  formula  (13)  but  may  be  used  in  calculating  an  approxi- 
mate value  of  *  =  (i  —  sin  28 **)/(!  +  sin  28")  =  0.37  which  is  a  close  approximation  to  ife  =  0.4 
which  will  be  used).    Then  the  load  carried  by  the  side  walls  per  lineal  foot  will  be  from  (13) 

Pm'  =  50  X  2.5  r  100 ^ 1 

^  L  0.4  X  0.375  J 

=  10,416  lb. 
The  total  load  on  the  entire  bin  walls  will  be 

P'li'  X  31-416  =  3271635  lb. 
The  total  weight  of  wheat  in  the  bin  is 

50  X  78-5  X  100  =  392,700  lb. 
and  the  total  load  carried  by  the  bottom  of  the  bin  is 

392,700  -  327.635  =  65,065  lb. 

and  the  pressure  on  the  bottom  «  V*  =  65,065/78.54  —  830  lb.  per  sq.  ft.  From  formula  (7)  we 
find  that  V  -  830  lb.  per  sq.  ft. 

EXPERIBiENTS  ON  THE  PRESSURE  OF  GRAIN  IN  DEEP  BINS.— The  laws  of  pressure 
of  grain  and  similar  materials  are  very  different  from  the  well  known  laws  of  fluid  pressure.  Dry 
wheat  and  com  come  very  nearly  filling  the  definition  of  a  granular  mass  assumed  by  Rankine  in 
deducing  his  formulas  for  earth  pressures.  As  stored  in  a  bin  the  grain  mass  is  limited  by  the 
bin  walls,  and  Rankine's  retaining  wall  formulas  are  not  directly  applicable. 

If  grain  is  allowed  to  run  from  a  spout  onto  a  floor  it  will  heap  up  until  the  slope  reaches  a 
certain  angle,  called  the  angle  of  repose  of  the  grain,  when  the  grain  will  slide  down  the  surface 
of  the  cone.  If  a  hole  be  cut  in  the  bottom  of  the  side  of  a  bin,  the  grain  will  flow  out  until  the 
opening  is  blocked  by  the  outflowing  grain.  There  is  no  tendency  for  the  grain  to  spout  up  as 
in  the  case  of  fluids.  If  grain  be  allowed  to  flow  from  an  orifice  it  flows  at  a  constant  rate,  which 
is  independent  of  the  head  and  varies  as  the  diameter  of  the  orifice. 

Experiments  by  Willis  Whited,*  and  by  the  author  at  the  University  of  Illinois,  with  wheat 
have  shown  that  the  flow  from  an  orifice  is  independent  of  the  head  and  varies  as  the  cube  of  the 
diameter  of  the  orifice.  This  phenomenon  can  be  explained  as  follows:  The  wheat  grains  in 
the  bin  tend  to  form  a  dome  which  supports  the  weight  above.  The  surface  of  this  dome  is 
actually  the  surface  of  rupture.  When  the  orifice  is  opened  the  grain  flows  out  of  the  space  below 
the  dome  and  the  space  is  filled  up  by  grains  dropping  from  the  top  of  the  dome.  As  these  grains 
drop  others  take  their  place  in  the  dome.  Experiments  with  glass  bins  show  that  the  grain  from 
the  center  of  the  bin  is  discharged  first,  this  drops  through  the  top  of  the  dome,  while  the  grain 
in  the  lower  part  of  the  dome  discharges  last. 

The  law  of  grain  pressures  has  been  studied  experimentally  by  several  engineers  within 
recent  years.  A  brief  resume  of  the  most  important  experiments  is  given  in  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators,"  where  after  a  careful  study  of  all  available  experi- 
ments the  author  reached  the  following  conclusions. — 

I.  The  pressure  of  grain  on  bin  walls  and  bottoms  follows  a  law  (which  for  convenience  will 
be  called  the  law  of  "semi-fluids"),  which  is  entirely  different  from  the  law  of  the  pressure  of  fluids. 

*  Proc  Eng.  Soc.  of  West.  Penna.,  April,  1901. 
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2.  The  lateral  pressure  of  grain  on  bin  walls  is  less  than  the  vertical  pressure  (0.3  to  0.6  of 
the  vertical  pressure,  depending  on  the  grain,  etc.),  and  increases  very  little  after  a  depth  of  2} 
to  3  times  the  width  or  diameter  of  the  bin  is  reached. 

3.  The  ratio  of  lateral  to  vertical  pressures,  k^  is  not  a  constant,  but  varies  with  different  grains 
and  bins.    The  value  of  k  can  only  be  determined  by  experiment. 

4.  The  pressure  of  moving  grain  is  very  slightly  greater  than  the  pressure  of  grain  at  rest 
Onaximum  variation  for  ordinary  conditions  is,  probably,  10  per  cent). 

5.  Discharge  gates  in  bins  should  be  located  at  or  near  the  center  of  the  bin. 

6.  If  the  discharge  gates  are  located  in  the  sides  of  the  bins,  the  lateral  pressure  due  to  moving 
grain  is  decreased  near  the  discharge  gate  and  is  materially  increased  on  the  side  opposite  the 
gate  (for  common  conditions  this  increased  pressure  may  be  two  to  four  times  the  lateral  pressure 
of  grain  at  rest). 

7.  Tie  rod^  decrease  the  flow  but  do  not  materially  affect  the  pressure. 

8.  The  maximum  lateral  pressures  occur  immediately  after  filling,  and  are  slightly  greater 
in  a  bin  filled  rapidly  than  in  a  bin  filled  ^owly.  Maximum  lateral  pressures  occur  in  deep  bins 
during  filling. 

9.  The  calculated  pressures  by  either  Janssen's  or  Airy's  formulas  agree  very  closely  with 
actual  pressures. 

10.  The  unit  pressures  determined  on  small  surfaces  agree  very  closely  with  unit  pressures 
on  large  surfaces. 

11.  Grain  bins  designed  by  the  fluid  theory  are  in  many  cases  unsafe  as  no  provision  is  made 
for  the  side  walls  to  carry  the  weight  of  the  grain,  and  the  walls  are  crippled. 

12.  Calculation  of  the  strength  of  wooden  bins  that  have  been  in  successful  operation  shows 
that  the  fluid  theory  is  untenable,  while  steel  bins  designed  according  to  the  fluid  theory  have 
failed  by  crippling  the  side  plates. 

RECTANGULAR  STEEL  BINS. — For  the  calculation  of  the  stresses  in  and  the  design  of 
rectangular  steel  bins,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators," 
Second  Edition. 

CIRCULAR  STEEL  BINS. — In  the  designing  of  steel  grain  bins  particular  attention  should 
be  given  to  the  horizontal  joints,  and  to  the  strength  of  the  bin  to  act  as  a  column  to  support  the 
grain.  To  calculate  the  thickness  of  the  metal  the  horizontal  pressure  L  is  obtained  from  Jan- 
ssen's  formula,  and  then  the  thickness  may  be  found  by  the  formula 

where  /  =  thickness  of  the  plate  in  in. ; 

L  —  horizontal  pressure  in  lb.  per  sq.  in.; 
d  =s  diameter  of  bin  in  in.; 
S  —  working  stress  in  steel  in  lb.  per  sq.  in.; 
/  =  efficiency  of  the  joint. 
The  unit  stress  S  may  be  taken  at  16,000  lb.  per  sq.  in.,  and/  will  be  about  57  per  cent  for  a 
single  riveted  lap  joint,  73  per  cent  for  a  double  riveted  lap  joint,  and  80  per  cent  for  double 
riveted  double  strap  butt  joints.     For  the  efficiency  of  riveted  joints,  see  Table  Ila,  Chapter  XI. 
The  allowable  stresses  given  for  the  design  of  steel  mill  buildings  should  be  used  in  design. 
These  allowable  stresses  are  as  follows:   Tension  on  net  section  16,000  lb.  per  sq.  in.;  shear  on 
cross-section  of  rivets  11,000  lb.  per  sq.  in.;  bearing  on  the  projection  of  rivets  (diameter  X  thick- 
ness of  plate)  22,000  lb.  per  sq.  in.     Compression  in  columns  P  =  16,000  —  7o//r  where  P  =■  unit 
stress  in  lb.  per  sq.  in.,  /  =  length  of  member  and  r  —  radius  of  gyration  of  the  member,  both  in  inches. 
Rivets  in  Horizontal  Joints. — ^The  side  walls  carry  a  large  part  of  the  weight  of  the  grain  in 
the  bin  and  this  should  be  considered  in  designing  the  horizontal  joints.     The  weight  of  the 
grain  supported  by  the  bin  above  any  horizontal  joint  can  be  calculated  as  shown  in  the  following 
example.   Assume  a  steel  plate  bin  25  ft.  in  diameter,  and  it  is  required  to  calculate  the  grain 
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supported  by  the  bin  walls  above  a  horizontal  joint  75  ft.  below  the  top  of  the  grain.  From 
equation  (13)  the  grain  carried  by  the  bin  walls  per  lineal  foot  of  circumference  of  bin,  where 
w  =  50  lb.  per  cu.  ft.;  /  =  0.375;  k  -  0.40,  also  R  -  25/4  -  6.25,  and 


P-m'  -  50  X  6.25  [  75  -  - 
-  10,415  lb. 


6.25 


4  X  0.375 


] 


The  weight  of  the  steel  bin  above  the  joint  may  be  taken  as  1,250  lb.  per  lineal  foot  of  joint. 
The  horizontal  riveting  should  then  be  designed  for  a  shear  of  11,665  lb.  per  lineal  foot  of  joint. 
Assume  that  the  plates  are  |  in.  thick  and  the  rivets  f  in.  in  diameter.  For  allowable  stresses  of 
16,000  lb.  per  sq.  in.  in  tension,  11,000  lb.  per  sq.  in.  in  shear,  and  22,000  lb.  per  sq.  in.  in  com- 
pression; then,  Tableii4,Part  II,  the  value  of  a  }  in.  shop  rivet  in  single  shear  »  4,860  lb.,  and  a 
field  rivet  is  }  of  4,860  »  3.240  lb.,  and  in  compression  »  6,190  lb.  for  shop  rivets  and  ^  4.127 
lb.  for  field  rivets.  For  a  lap  joint  therefore  the  spacing  should  not  be  greater  than  3,240  X  12 
•5-  11,665  =*  3.25  in.,  requiring  but  one  row  of  rivets. 

Stresses  in  a  Steel  Bin  Due  to  Wind  Moment — If  M  is  the  moment  due  to  the  wind  acting 
on  the  bin  above  the  horizontal  joint,  then  the  stress  per  lineal  foot  of  joint  due  to  wind  moment 
will  be 


M'd 
2/ 


,  but  J  =  ir-d*  (approx.)  and  5 


4M 


(15) 


where  all  dimensions  are  in  feet.  For  a  wind  load  of  30  lb.  per  sq.  ft.  on  two-thirds  of  the  tank 
(20  lb.  per  sq.  ft.  on  the  entire  surface  of  the  tank)  the  wind  stress  will  be  5  «  2,865  1^*  P^i*  lineal 
foot.  The  spacing  therefore  should  not  be  greater  than  3,240  X  12  -^  (11,665  +  2,865)  «  2f  in. 
StlfFeners. — In  large  circular  steel  bins  the  thin  side  walls  are  not  sufficiently  rigid  to  support 
the  weight  of  the  grain  and  it  is  necessary  to  supply  stiffeners.  For  this  purpose  angles  or  Z-bars 
may  be  used.  Experience  has  shown  that  bins  in  which  the  height  is  equal  to  or  greater  than 
about  2}  times  the  diameter  do  not  need  stiff eners.  There  is  at  present  no  rational  method  for 
the  design  of  these  stiff  eners  or  the  stiffeners  in  plate  girders.  In  Fig.  9  will  be  seen  the  details 
of  a  steel  bin  of  the  Independent  Steel  Elevator  with  Z-bar  stiffeners.  Angle  stiffeners  were 
uded  in  the  bins  of  the  Electric  Elevator,  Minneapolis,  Minn. 


Fig.  3. 
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I 

...  ^ifi^. .^^ 3^/^'. ^ —  ^iffU....^ 

Plan  of  Steel  Storage  Bins  for  a  Steel  Elevator. 


Circular  steel  bins  are  used  for  storage  in  large  elevators  and  may  be  used  for  a  complete 
elevator  as  in  Fig.  3.  The  space  between  the  bins  is  sometimes  used  for  auxiliary  storage.  The 
circular  bin  walls  are  stiffened  by  means  of  vertical  channels,  and  the  auxiliary  bins  are  cross-braced 
with  steel  rods.  Complete  details  of  circular  steel  bins  for  the  Independent  Elevator,  Omaha, 
Neb.,  are  shown  in  Fig.  9. 
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Steel  Country  Eleyator. — General  plans  of  a  steel  grain  elevator  for  the  Manhattan  Milling 
Co.»  designed  and  constructed  by  the  Minneapolis  Steel  &  Machinery  Co.»  Minneapolis,  Minn., 
are  given  in  Fig.  4.  This  elevator  could  easily  be  changed  to  a  shipping  elevator  by  putting  in  a 
wagon  dump.  Grain  is  run  from  the  cars  into  the  boot  of  the  receiving  leg,  and  is  then  elevated 
and  conveyed  by  a  screw  conveyor  to  the  large  storage  bins,  or  is  run  into  the  temporary  storage 
bins,  then  cleaned  and  elevated  and  conveyed  to  the  storage  bins  by  the  screw  conveyor.  The 
bins  are  built  of  steel  plates,  and  the  working  house  is  built  of  steel  framework  covered  with  cor- 
rugated steel.  This  elevator  has  a  capacity  of  76,300  bushels  but  the  scheme  can  be  used  for  a 
30,000  to  40,000  bushel  elevator  for  either  shipping  or  for  milling  purposes. 

THE  INDEPENDENT  STEEL  ELEVATOR,  OMAHA,  NEB.  General  Description.— 
This  elevator  consists  of  a  steel  working  house  having  a  bin  capacity  of  240,000  bushels  and  8  steel 
storage  bins  having  a  storage  capacity  of  100,000  bushels  each,  making  a  total  storage  capacity  of 
1,040,000  bushels. 

The  steel  working  house  is  64  ft.  X  70  ft.,  with  14  ft.  sheds  on  two  ends  and  one  side,  as 
shown  in  Fig.  5.  The  sub-story  of  the  building  is  26  ft.  The  bins  are  64  ft.  4  in.  high,  as  shown 
in  Fig.  6,  and  are  supported  on  steel  columns,  as  shown  in  Fig.  6  and  Fig.  7.  The  spouting  story 
is  24  ft.  6  in.  high;  the  gamer  and  scale  story  is  26  ft.  6  in.  high;  and  the  machinery  story  is  13 
ft.  8  in.  high.  The  walls  below  and  above  the  bins  are  covered  with  No.  24  corrugated  steel  laid 
with  1}  corrugations  side  lap  and  3  in.  end  lap.  The  roof  is  covered  with  No.  22  corrugated  steel 
laid  directly  on  the  steel  purlins  with  2  corrugations  side  lap  and  6  in.  end  lap. 

On  the  first  or  working  floor  the  floor  between  the  tracks  is  made  of  \  in.  plate  bolted  to  the 
beams,  while  the  remainder  of  this  floor  is  made  of  concrete  filled  in  above  concrete  arches  which 
rest  on  the  flanges  of  the  beams  with  a  finish  ij  in.  thick  of  Portland  cement  mortar  consisting 
of  one  part  cement  to  one  part  clean,  sharp  sand.  The  concrete  is  composed  of  one  part  Portland 
cement,  two  parts  sand,  and  five  parts  crushed  stone. 
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Fig.  5.    Plan  of  Independent  Elevator. 


The  floor  of  the  cupola  throughout  the  different  floors  and  in  the  gallery  leading  over  the 
bins  is  made  of  No.  24  corrugated  steel  resting  on  steel  framework,  and  covered  with  3  in.  of  con- 
crete and  a  one-inch  finish  of  one  to  one  Portland  cement  mortar  troweled  smooth.  All  doors 
are  of  the  rolling  steel  type.  The  window  frames  were  made  of  2  in.  X  6  in.  timbers  and  are 
covered  with  No.  26  sheet  steel.  All  windows  are  provided  with  1}  in.  checked  rail  sash  and  are 
glazed  with  double  strength  glass. 

Painting. — All  steel  work  of  every  description  was  painted  with  one  coat  oxide  of  iron  paint 
at  the  shop  and  a  second  coat  after  erection.  The  tank  plates  and  corrugated  steel  were  painted 
on  the  exterior  surface  only  after  erection. 

Bins. — The  eight  steel  storage  bins  are  44  ft.  in  diameter  and  80  ft.  high,  have  a  capacity  of 
100,000  bushels  and  rest  on  separate  concrete  foundations.  The  bins  arc  constructed  of  steel 
plates  stiffened  with  Z-bars,  as  shown  in  Fig.  9.  The  bins  are  covered  with  a  steel  plate  roof. 
Fig.  12,  supported  on  roof  trusses,  as  shown  in  Fig.  11  and  Fig.  13.    A  conveyor  gallery  10  ft. 
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LoNGiTUDiNAi.  Section  of  Working  House  of  Independent  Elevator. 
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wide  and  8  ft.  high  extends  from  the  working  house  over  the  bins.  A  conveyor  tunnel  extenda 
from  the  working  house  under  the  bins.  The  rivet  spacing  in  the  circular  bins  is  shown  in  Fig.  9. 
The  bins  in  the  working  House  are  arranged  as  shown  in  Fig.  8,  and  are  constructed  of  plates, 
as  shown  in  Fig.  6  and  Fig.  7.  The  bins,  14  ft.  X  16  ft.,  are  braced  in  the  corners  with  angle 
braces  spaced  5  ft.  centers  vertically,  and  of  the  rises  shown  in  Fig.  8.  The  lai^e  bins  are  alao 
braced  with  {  and  {-in.  round  rods  spaced  5  ft.  apart  as  shown.  All  the  smaller  bins  are  braced 
with  t-in.  round  rods  spaced  3  ft.  6  in.  apart  as  shown.  Vertical  angles  in  the  sides  of  the  bins 
are  provided,  as  shown  in  Fig.. 6,  Fig.  7,  and  Fig.  8. 


■■64^e'(hift»eiit^Pb.- -V-H 


Fig.  8.    Plan  of  Bins  in  VVokkinc  House  c 
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EQUIPMEMT. — There  are  two  stands  of  receiving  elevators  with  receiving  pita  on  either 
side.  These  elevators  have  33-inch  6-ply  belts  and  ao  in.  X  7  in.  X  7  in.  buckets  spaced  14  in. 
apart;  the  receiving  pits  are  covered  with  steel  grating,  and  a  pair  of  Clark's  automatic  grain 
shovels  are  located  at  each  unloading  place.  These  elevators  are  driven  with  an  electric  motor 
of  [oo  H.  P.,  each  elevator  being  driven  with  a  clutch  and  pinion  so  that  the  elevator  may  be 
stopped  and  started  at  will. 

There  ia  one  stand  of  shipping  elevators  constructed  in  the  same  manner,  having  a  36-ia. 
6-ply  belt  and  z  lines  of  13  in.  X  7  in.  X  7  in.  buckets  spaced  14  in.  apart. 


Fig.  la    Derails  of  Bin  Bottoms  and  Convbyors  undbr  Bins,  Independbnt 
Elevator. 


There  are  two  stands  of  cleaning  elevators  with  14-in.  6-pIy  belts  with  13  in.  X  6  in.  X  6  in. 
buckets  spaced  I3  in.  apart 

There  are  also  two  screenings  elevators  with  9-in.  5-ply  belts  with  8  in.  X  5  in.  X  5  in. 
buckets  spaced  13  in.  apart. 

The  shipping,  screenings,  and  cleaner  elevators  are  driven  from  a  line  shaft  which  is  driven 
by  a  100  H.  P.  motor,  each  elevator  being  driven  by  a  core  wheel  and  pinion. 

Three  scale  hoppers,  having  a  capacity  of  1,800  bushels,  are  located  in  the  cupola,  and  three 
garner  hoppers  of  1,800  bushels  capacity  are  located  above  the  scale  hoppers. 

The  main  line  shaft  on  the  first  floor  is  driven  by  a  170  H.  P.  motor. 

A  car  puller  capable  of  moving  25  loaded  cars  is  provided. 

Elevatora. — The  boots  of  the  receiving  and  shipping  elevators  rest  in  water-t^ht  steel  boot 
tanks  made  of  A-in.  steel  plates.     The  elevator  boots  are  made  of  A-""-  steel  plates,  the  boot  pul- 
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kys  having  a  vertical  adjustment  of  8  inches.  The  elevator  cases  are  made  of  No.  12  steel  up  to 
the  bins,  and  of  A'^i^*  pl^ites  in  the  bins,  and  No.  14  steel  above  the  bins.  The  cases  are  strength- 
ened by  angles  at  the  comers.  The  elevator  heads  are  made  of  No.  14  steel.  At  each  receiving 
elevator  is  a  large  elevator  pit  extending  from  the  leg  back  to  the  center  of  the  track.  This  pit 
is  constructed  of  beams  and  A'^i^*  plates  and  is  covered  with  a  grating  of  if  X  i-in.  bars  spaced 
1 1  in.  apart. 

The  elevator  buckets  are  "  Buffalo"  buckets;  those  for  the  receiving  elevators  are  20  in.  X  7 
in.  X  7  in.;  for  the  shipping  elevators  two  lines  of  12  in.  X  7  in.  X  7  in.  buckets;  for  the  cleaning 
elevators  one  line  of  12  in.  X  6  in.  X  6  in.  buckets;  and  for  the  screenings  elevator  one  line  of 
8  in.  X  5  in.  X  5  in.  buckets.  The  buckets  in  the  receiving,  shipping  and  cleaning  elevators 
are  spaced  14  in.  apart,  while  those  in  the  screenings  elevator  are  spaced  12  in.  apart. 

The  elevator  belts  in  the  receiving  elevators  are  22  in.  wide  and  6- ply,  the  shipping  belts 
are  26  in.  wide  and  6-ply;  the  cleaning  belts  are  14  in.  wide  and  6-ply,  and  the  screenings  belts 
are  9  in.  wide  and  5-ply.    The  belting  is  made  of  32  ounce  duck  and  is  first-class. 


Hoof  Framing  Plan  for  Tanks. 


Fig.  II.    Fkaming  for  Rcx>f  of  Circular  Bins,  Independent  Elevator. 


Spouts. — ^The  building  is  provided  with  a  complete  system  of  spouts.  The  general  distrib- 
uting spouts  from  the  scales  to  the  shipping  spouts  are  double-jointed  Mayo  spouts.  There  are 
three  shipping  spouts  which  are  provided  with  telescoping  bottom  sections.  All  bin  bottoms 
are  provided  with  a  revolving  spout  with  a  cut-off  gate  operated  with  a  rack  and  pinion,  with 
oords  leading  to  within  reaching  distance  of  the  floor. 

Conyeyors. — ^The  conveyor  belt  leading  from  the  working  house  over  the  bins  is  a  36  in. 
4-ply  conveyor  belt,  is  carried  on  disc  rolls  consisting  of  3  straight-faced  6-in.  pulleys  and  2  special 
discs;  the  discs  run  loose  on  the  shafts,  which  are  i  A-in*  diameter  and  are  spaced  5  ft.  centers. 
The  return  rolls  are  5-in.  straight-faced  rolls  spaced  15  ft.  centers.  At  each  point  in  the  elevator 
where  grain  is  loaded  onto  the  belt  there  are  two  pairs  of  special  concentrating  rolls.     Movable 
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Fig.  12.  Details  of  Steel  Rcx>f  for  Steel  Bins  for  Independent  Elevator. 
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trippcTB  provided  with  spouts  are  provided,  so  that  grain  may  be  discharged  on  either  side  of  the 
belt.  The  entire  conveyor  is  carried  on  a  eteel  framework.  The  conveyor  belt  is  driven  by  a 
40  H.  P.  motor.  The  conveyor  tn  the  tunnel  leading  from  the  storage  tanks  to  the  working 
house  is  of  the  same  type  as  the  conveyor  above  the  bins,  and  is  supponed  on  a  steel  framework, 
except  that  the  top  or  carrying  rolls  are  all  of  the  concentrating  types,  as  shown  in  Fig.  10.  The 
concentrati:^  rollers  are  composed  of  two  straight-faced  rolls  from  the  main  shaft,  and  two 
concentrating  rolls  meeting  at  an  angle  of  45*  to  the  stra^ht  rolls.  The  lower  conveyor  is  driven 
by  a  lOpe  drive  from  the  nuun  line  shaft  in  the  working  house. 


Fig.  13.    Details  of  Stebl  Roof  Truss  for  Steel  Bins,  Independent  Elevator. 

Sctle  Hoppen. — There  are  three  scale  hoppers  of  1,800  bushels  capacity,  each  mounted 
on  a  Fairbanks- Moree  and  Company's  scales,  having  a  capacity  of  84,000  [b.,  and  have  steel 
frames.  The  hoppers  have  A-in.  steel  plate  sides,  and  J-in.  plate  bottoms,  stiffened  with  angle 
irons,  and  are  tied  together  with  tie  rods.  Each  hopper  is  provided  with  a  33-in.  cast  iron  outlet 
with  a  steel  plate  cut-off  gate. 

Gsmen. — A  steel  gamer  hopper  is  placed  directly  over  each  scale  hopper.  The  gamers 
have  a  capacity  of  1,800  bushels,  and  are  constructed  with  A-in,  side  plates  and  i-in.  bottom 
plates.  The  bottoms  of  the  gamers  are  hoppered  to  four  openings,  which  are  provided  with  gates 
sliding  on  steel  rollers. 

Qeaning  HAchines. — A  large  size  cleaning  machine  and  a  large  size  oat  clipper  are  provided. 
These  machines  are  connected  with  a  large  dust  coUei.tor  which  dischar^s  the  dust  from  the 
cleaning  machines  and  from  the  sweepings  outside  of  the  building. 

Car  Puller. — A  car  puller  having  a  capacity  of  as  loaded  cars  is  provided.  The  car  puller 
has  two  drums,  each  provided  with  400  ft.  of  |-in.  crucible  steel  cable. 

Siovels.— A  pair  of  Clark  automatic  grain  shovels,  with  all  necessary  counterweights,  sheaves, 
■coops,  etc.,  are  provided. 

The  total  weight  of  steel  in  the  elevator  is  1,700  tons;  approximately  900  tons  In  the  working 
house,  and  800  tons  in  the  circular  bins  and  conveyors. 

The  total  cost  was  $305,000,  of  which  the  8  steel  bins  and  conveyors  cost  $80,000. 

COST  07  STEEL  GRAIN  ELEVATORS.— The  following  costs  of  steel  grain  elevators  have 
been  taken  from  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators,"  which  also  gives 
cons  of  reinforced  concrete  and  tile  bins,  and  timber  grain  elevators.  The  total  cost  of  the  steel 
grain  elevator  of  the  working  house  type,  constructed  by  the  Great  Northern  Railway  at 
Superior,  Wis.,  was  39.65  cts.  per  bushel  of  storage.  The  elevator  had  a  storage  capacity  of 
3,100,000  bushels,  and  the  steel  weighed  7  lb.  per  bushel  of  storage  capacity.     The  Independent 
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Elevator  cost  9}  cts.  per  bushel  storage  capacity  for  the  steel  bins»and  54  cts.  per  bushel  storage 
capacity  for  the  worldng  house.  A  steel  country  elevator  having  four  steel  tanks,  17}  ft.  diam- 
eter and  30  ft.  high,  with  an  interspace  bin  and  a  conveyor  shed,  and  having  a  storage  capacity 
of  30,000  bushels,  weighed  3  lb.  per  bushel  of  storage  capacity.  The  shop  cost  and  cost  of  erec- 
tion of  the  structural  steel  was  I15.00,  and  I19.00  per  ton,  respectively. 

References. — For  the  design  of  reinforced  concrete  grain  bins  and  elevators,  and  for  additional 
data  and  examples,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


CHAPTER  X. 

Steel  Head  Frames  and  Coal  Tipples. 

Types  (rf  Head  Works  for  Mines. — The  de^gn  of  the  head  works  for  a  mine  depends  upon 
the  material  which  is  to  be  hoisted,  upon  the  depth  of  the  mine,  the  inclination  of  the  shaft,  the 
rate  of  hoisting,  the  amount  to  be  hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  being 
hoisted,  and  upon  the  material  used  in  the  construction  of  the  structure.  Head  worka  for  mines 
may  be  divided  into  three  classes:   (l)  head  frames;  (s)  rock  houses;  (3)  coal  tipples. 

The  first  head  frames  were  constructed  of  timber;  the  most  common  type  being  the  4-post 
head  frame.  The  square  or  rectangular  mine  tower  was  cross-braced  and  the  sheave  supports 
were  made  of  heavy  timber.  The  back  brace  was  inclined  and  was  placed  between  the  hoisting 
rope  and  the  line  of  the  resultant  of  the  stress  in  the  hoisting  rope. 


i d -^ 

Fig.  I.  Fig.  a. 

Steel  head  frames  vary  in  de«gn  to  suit  local  conditions  and  the  ideas  of  the  designer.  The 
A-frame  in  Fig.  i  is  the  most  satisfactory  type  where  conditions  permit  of  its  use.  It  is  umple 
in  design  and  economical  of  material;  the  stresses  are  statically  determinate,  and  it  can  be  easily 
and  effectively  braced,  making  a  very  rigid  frame.  The  4-post  frame  in  Fig.  2  is  the  type  to  use 
when  it  is  necessary  to  hoist  from  several  compartments  of  a  shaft  not  in  a  single  line.  It  is  also 
used  for  coal  tipples  and  double  compartment  shafts.  The  4-post  frame  is  not  so  economical  of 
material  as  the  A-frame;  is  more  difficult  to  brace  effectively,  partly  for  the  reason  that  part  of 
the  bracii^  in  the  tower  must  be  omitted  to  permit  the  dumping  of  the  ore  or  coal,  and  in  addition 
the  stresses  are  statically  indeterminate.  The  frame  shown  in  Fig.  3  is  a  modification  of  the 
A-frame  used  (or  an  inclined  shaft.  Several  early  head  frames  in  the  coal  fields  of  Pennsylvania 
miE  built  on  the  lines  of  the  frame  shown  in  Fig.  4.  This  type  of  frame  has  no  points  of  merit 
and  is  practically  obsolete. 

For  an  elaborate  discus^on  of  the  design  of  head  frames,  coal  tipples,  and  other  mine  struc- 
tures, see  the  author's  "The  Design  of  Mine  Structures." 

METHODS  OF  HOISTING.— In  hoisting  from  inclined  or  vertical  shafts,  the  hoisting 
engine  Is  placed  at  some  distance  from  the  mouth  of  the  shaft,  the  cable  passes  up  over  the  sheave 
at  the  top  of  the  head  frame  and  into  the  shaft.  The  rope,  if  round,  is  carried  on  a  smooth  or  a 
grooved  hoisting  dium,  and  if  flat,  is  carried  on  a  hoisting  reel.  The  maximum  working  load  on 
the  rope  occurs  when  the  loaded  skip  or  cage  is  being  hoisted  from  the  bottom  of  the  shaft.  The 
working  load  then  consists  of  the  sldp  or  cage,  the  load,  the  accelerating  force,  the  weight  of  the 
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be  uied,  as  the  lar^r  the  sheave  the  longier  the  life  of  the  hcusti:^  rope.  The  inertia  of  a  large, 
heavy  sheave,  however,  with  rapid  lioisting  may  Icink  the  rope  and  cause  excessive  wear.  The 
bending;  streeaes  in  flat  ropes  for  a  sheave  of  given  diameter  are  less  than  in  round  ropee  having 
equal  strength,  but  the  life  of  flat  ropes  is  less  than  for  round  ropes.  Flat  ropes  are  wound  on 
leels  which  are  at  all  times  in  line  with  the  head  frame  sheave,  while  round  ropes  are  wound 
on  a  drum  so  that  the  horizontal  angle  between  the  center  line  of  the  sheave  and  the  cable  is 
malty  changing.     The  distance,  d,  for  flat  ropes  can  then  be  less  than  for  raund  ropes. 
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Fig.  6.    Gilberton  Steel  Head  Frame. 

Hoisting  from  mine  shafts  Is  commonly  done  in  two  compartments  of  the  shaft  at  the  same- 
time,  the  unloaded  skip  or  cage  descending  aa  the  loaded  skip  or  cage  ascends.  This  is  known  aa 
hoisting  in  balance  or  counterbalance.  There  is  a  considerable  saving  in  power  in  hoisting  in 
balance.  To  hoist  in  balance  it  is  necessary  to  take  ore  from  one  level  with  both  skips  unless  the 
Whiting  system  is  used.  When  a  round  rope  winds  off  the  drum  it  makes  an  angle  with  the 
groove  in  the  aheave  on  the  head  frame  and  the  friction  increases  the  tension  in  the  cable  and 
also  reduces  its  life.  To  reduce  the  friction  and  wear  the  hoisting  engines  are  placed  at  a  con- 
siderable  distance  back  from  the  head  frame. 

The  head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  aa  in  F^.  i  to  4,  or  so  that 
the  sheaves  are  in  tandem,  as  in  Figs.  5  and  6,  With  the  latter  method  it  is  necessary  to  place 
the  hoisting  engine  farther  from  the  ahaft  than  where  the  sheaves  are  in  parallel.  Where  the 
h<ristii^  engine  is  placed  well  back  from  the  shaft  it  becomes  necessary  to  support  the  hoisting 
rope  on  idlers,  as  shown  in  Fig.  6.  Where  mines  have  three  compartment  ahafta,  ore  is  commonly 
hoisted  from  but  two  compartments,  the  third  compartment  being  used  for  pumps,  pipes,  etc. 
Tliis  arrangement  makes  it  necessary  to  place  the  head  sheaves  so  that  they  will  not  be  sym- 
metrical with  the  center  line,  bringing  heavier  working  stresses  on  one  side  of  the  head  frame 
than  on  the  other  aide. 

Hoitting  fnnn  De«ii  Uin«*. — In  deep  mines  the  rope  in  the  mine  becomes  a  large  part  of 
the  load  and  various  methods  have  been  used  to  counterbalance  the  weight  of  the  rope.  Four 
methods  for  obviating  the  difficulty  just  mentioned  have  been  used:  (l)  the  Koepe  system; 
(3}  the  Whiting  system;  (3}  modifications  of  (1)  and  (3),  and  (4)  by  the  use  of  a  taper  rope.  These 
methods  are  described  in  the  author's  "The  Design  of  Mine  Structures," 

HOISTING  ROPES.— Round  hoisting  ropes  are  commonly  made  of  six  strands,  each  of 
which  is  formed  by  twisting  nineteen  wires  together,  the  strands  being  wound  around  a  bpinp 
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center.  Wire  strands  are  twisted  around  the  core  either  to  the  right  or  the  left,  and  the  resulting 
rope  is  either  "right  lay"  or  "left  lay."  The  twist  may  be  long  or  shorti  the  Bhorter  twist  fonna  a 
more  flexible  rope,  while  the  longer  twist  forma  a  more  rigid  rope.  Wire  rope  is  made  of  iron, 
open-hearth  steel,  crucible  steel,  and  plough  steel.  The  strei^h  of  the  wire  from  which  the 
rope  is  made  is  about  as  follows;  iron  wire,  40,000  to  100,000  lb.  per  eq.  in.;  opeo'-hearth  sted 
wire,  50.000  to  130,000  lb.  per  sq.  in.;  crucible  steel  wire,  130,000  to  190,000  lb.  per  sq.  in.;  and 
plough  steel  wire,  196,000  to  350,000  lb.  per  aq.  in.  Hoisting  ropes  are  usually  made  of  crudble 
cast  steel  or  plough  steel. 

Flat  wire  rope  is  composed  of  several  round  ropes  whose  diameter  is  equal  to  the  required 
thickness  of  the  flat  rope,  laid  side  by  ude  and  sewed  (either  with  iron  or  annealed  cast  steel 
wire.  The  round  ropes  are  alternately  of  right  and  left  lay  or  twist,  have  four  strands  without 
either  hemp  or  wire  center.  The  number  of  wires  in  each  strand  is  usually  seven,  but  may  be 
nineteen.  The  chief  drawbacks  to  the  use  of  flat  wire  rope  are  its  first  cost  and  the  rapid  wear 
of  the  sewing  wires. 

Flat  ropesand  reels  are  used  to  a  limited  enent  in  the  western  part  of  the  United  States,  while 
round  ropes  are  generally  used  in  hoisting  coal  and  in  the  deep  copper  and  iron  mines  in  Michigan- 
Strength  of  Wire  Rope. — The  dimenuons,  weight  and  strength  of  round  crucible  steel  hoistii^ 
rope  are  given  in  Table  I,  while  similar  data  for  plough  steel  hoisting  rope  are  given  in  Table  II. 
The  strengths  of  wire  rope  given  by  the  different  maken  differ  somewhat. 

TABLE  I. 
Cast  Steel  Hoishng  Rope.    Ultimate  Strength,  Wobking  Stsbngth  and  Weight  or 
Wire  Rope  Composed  c 

J  Dlameur  I   Appro^male   IweishtDerl  Safe  ^'"'^^  I  Apprmdmate  Bnalt-  I    „S«Ie  WoiUnc      I  Mbtlmam  Sin  I 

I         In  Circuniterence,     pi* 


WoAing;  Load  on  Hoisting  Rope.^The  stresses  in  a  hoisting  rope  are  the  sum  of  the  stresses 
due  to  (0  the  weight  of  the  rope,  (a)  the  friction  of  the  rope,  {3)  the  bending  of  the  rope  over  the 
head  sheave,  (4)  the  live  load,  and  (5)  the  impact  due  to  starting  and  stopping  the  load.  The 
stresses  due  to  bending  are  discussed  in  the  next  section.  The  stresses  due  to  impact  vary  from 
zero  to  twice  the  workii^  load  if  the  hoistii^  cable  is  taut,  and  to  several  times  the  working  toad 
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TABLE  IL 

Plough  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and  Weight  c 
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TABLE  IIL 

Cast  Steel  Flat  Hoisting  Rope.    Ultimate  Strength,  Working  Stress  and  Weight  of 

Flat  Wire  Rope  Composed  of  4  Strands,  7  Wires  to  the  Strand. 
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if  the  cable  is  slack.  If  a  descending  cage  should  stick  and  then  drop,  the  stress  will  be  equal 
to  the  kinetic  energy  developed  and  will  be  very  large.  The  load  due  to  starting  a  cage  suddenly 
from  the  bottom  of  a  shaft  may  be  taken  as 

K^2W  +  R  +  F  (i) 

>iHiere  K  »  stress  in  lb.  at  the  sheave  at  the  instant  of  picking  up  the  load; 
W  =  gross  load  in  lb. ; 
R  =  weight  of  rope  in  lb. ; 

F  «  friction  in  lb.,  =  (W  -f-  R)ft  where  /  =  coefficient  of  friction,  which  may  be  taken 
at  0.01  to  0.02  for  vertical  shafts  and  from  0.02  to  0.04  for  inclined  shafts  with  the  rope  supported 
on  rollers.  The  working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bending,  and 
•hould  not  exceed  i  of  the  ultimate  strength  of  the  rope,  or  }  of  the  ultimate  strength  for  direct  pulL 
For  inclined  shafts  with  angle  of  inclination  with  horizontal  =  0,  the  stress  in  the  rope  due 
to  starting  the  cage  is 

K'  =  (2W  +  iJ)  sin  5  +f(W  +  R)coae  (2) 

Bending  Stresses  in  Wire  Rope. — ^The  stresses  due  to  bending  will  depend  upon  the  diameter 
of  the  rope,  the  make-up  of  the  rope,  the  angle  through  which  the  rope  is  bent,  and  the  diameter 
of  the  sheave.  The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained  from 
formula  (3),  the  form  of  which  is  due  to  Rankine  ("  Machinery  and  Mill  Work,"  p.  533}. 

S  =  1,894,000^  (3) 

where  D  »  the  diameter  of  the  sheaves  in  inches,  and  d  «  the  diameter  of  the  rope  in  inches. 
The  area  of  the  steel  in  a  round  hoisting  rope  is  approximately  a  »  o,4d*t  and  the  total  bending 
stress  in  a  round  rope  will  be 

56  =  S-a  =  757.600  ^  (4) 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is  closely 

U  =  6o,oood«  (5) 

Where  bending  stress  is  considered,  the  safe  working  load  should  not  exceed  i  of  the  ultimate 
strength,  and  the  safe  working  load,  L,  should  not  exceed 

L  =  20,oood*  -  757,600  -  (6) 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula  (6)  are  given  in  Fig.  7.* 
For  plough  steel  ropes  the  ultimate  strength  is  U  ^  70,ooo(f*,  and 

L  •=  26,700d«  -  757.600  ^  (60 

Mr.  William  Hewitt  in  "Wire  Rope,"  published  by  the  Trenton  Iron  Company,  gives  the 
following  formula  for  bending. f 

S. 1^—  (7) 

1.03^+  C 

where  E  =  the  modulus  of  elasticity  of  steel,  a  =  the  area  of  the  rope  in  sq.  in.,  D  =  the  diameter 
of  the  sheave  in  inches,  (/'  »  the  diameter  of  the  individual  wires  in  inches,  and  C  ^  a,  constant 

*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederholm,  Chief  Engineer,  Allis-Chalmeis 

Company. 

t  Also  see  Engineering  News,  May  7,  1896. 
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depending  upon  the  rope,  and  varies  from  9.27  for  haulage  rope  to  27.81  for  tUler  rope.    For 
standard  hoisting  rope,  C  —  15.45.    Subatituting  E  —  39,000,000, 
a  —  0.4  (P,  and  d'  —  —.we  have 

.5  S..7^^  (8) 


Since  d  is  very  email  as  compared  with  the  values  of  D  used  ii 
give  practically  the  same  results. 


bcnsting,  formulas  (4)  and  (S) 
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The  bending  stresses  In  crucible  steel  flat  ropes  are  given  in  Fig.  8. 

CkgM  uid  sups. — For  details  of  cages  and  skips,  see  the  author's  "The  Design  of  Mine 

Structures," 
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Steel  Head  Pnune  (ot  the  Dkmond  Uine. — The  details  of  the  steel  head  frame  of  the 
Diamond  mine  are  shown  in  Fig.  9.  The  Diamond  head  frame  ia  100  ft.  high  from  the  collar 
of  the  shaft  to  the  center  of  the  sheaves.  The  shaft  is  3,800  ft.  deep.  The  sheaves  are  10  ft. 
in  dianieter  and  cany  a  7  in.  X  }  in.  flat  rope.  The  ore  is  hoisted  in  self-dumpii^  skips  with  a 
capacity  of  7  tons  and  weighing  3}  tons,  and  is  dumped  into  hoppers  from  which  it  is  run  directly  ' 
into  cars  which  pass  beneath  the  head  frame.     The  main  front  columns  and  back  braces  are 


Fig.  9.    Steel  Head  Fraue  for  Diamond  Mine,  Bun.x  by  the  Gillette-Herzog  Mfg.  Co. 

made  of  built-up  sections  condsdng  of  one  cover  plate  so  in.  X  i%  in.,  two  plates  18  in.  X  A  i"'' 
4aaglea3lin.  X  3I  in.  X  )in,,  with  lacing  barson  the  inner  side  4.  in.  X  |in.  The  main  diagonal 
bracing  is  made.af  two  channels  laced.  The  total  weight  of  the  structural  steel  in  the  head  frame 
proper  was  293,000  lb.,  white  the  steel  work  in  the  bins  weighed  a6,ooo  lb.  At  40  cts.  per  hour 
the  COM  of  shop  labor  on  the  structural  steel  was  1.09  cts.  per  lb.  The  cost  of  erection,  everything 
bring  riveted,  was  $11. ao  per  ton. 

Steel  Head  Frame  for  the  Hew  I.«onard  Mine. — The  steel  head  frame  shown  in  Fig.  lo  was 
built  by  the  American  Bridge  Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana 
Copper  Company,  Butte,  Montana.    The  head  frame  ia  of  the  A-type,  and  is  140  ft.  high  from 
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the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  mine  has  a  four  coropartment  shaft,  two 
aentB  being  used  for  hcMSting  ore.  The  mioe  is  now  1,697  ft.  deep,  but  the  bead 
ned  for  an  ultimate  depth  of  3,500  ft.  The  ore  is  hoisted  in  five-ton  self-dumping 
;le  deck  cage  above  the  sLip.  The  skips  weigh  7,500  lb.  each.  Four-deck  cages 
sting  men.  The  hoisting  rope  is  i }  in.  in  diameter,  a  round  htnsting  rope  being 
t  the  Butte  district.  The  rate  of  h<nstii^  is  3,800  ft.  per  minute.  The  skip  ore 
icity  of  Ijo  tons.     From  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bins  (not 

),  a6  ft.  9  in.  wide  by  150  ft.  long,  with  a  capacity  of  1,500  tons.     The  sheaves  arc 

»-,  and  are  placed  5  ft.  10  in.,  center  to  center. 

NMtB  are  made  of  two  channels  12  in.  @  30}  lb.,  with  a  cover  plate  16  in.  wide 

\  in.  thick,  with  lacing  on  the  inner  aide.     The  back  braces  for  the  lower  two 

of  channels  I3  in.  @  30  lb.,  with  a  plate  16  in.  X  )  in. ;  the  third  section  is  made 

13  in.  @  30  lb.,  with  a  plate  t6  in.  X  A  ■"•  while  the  two  upper  sections  are 
Is  13  in.  @  30)  lb.,  laced  on  both  sides.  The  main  struts  and  diagonal  braces  are 
innels,  with  battens  top  and  bottom.    The  skip  guides  are  made  of  two  channels 

The  main  girder  at  the  top  of  the  back  brace  consists  of  one  plate  36  in.  X  |  in.,  and 
.  X  4  in.  X  1  in.     The  skip  bins  are  supported  on  columns  made  of  two  channels 

laced  on  both  sides.  Where  two  channels  are  used  for  a  section,  the  flanges  are 
le  New  Leonard  head  frame  is  one  of  the  highest  in  the  country,  and  is  one  of  the 
ames  that  has  been  constructed.    The  shipping  weight  of  the  structural  steel  in 

was  346,435  lb. 

dmont  Steel  Head  Fnune. — The  Belmont  shaft  of  the  Tonopah-Belmont  Minit^ 

Nevada,  is  at  present  1.430  ft.  deep.     It  has  three  compartments,  one  for  the 

[Hpes  and  two  for  hoisting.     Double-deck  cages  of  the  I.eadville  type  are  used 

the  use  of  skips  is  contemplated  later.  The  head  frame.  Fig.  1 1 ,  is  of  the  A-type, 
s  75  ft.  from  the  base  to  the  center  of  the  sheaves.    The  hoisting  drum  is  placed 

center  of  the  shaft. 

TABLE  IV. 
f  Wrigbt  op  75-ft.  Steel  Head  Fkaue,  Tonop ah- Belmont  Mining  Co. 
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wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84  in.  at  the  center  of  the 
d  an  over  all  diameter  of  91  in.  Each  wheel  has  16  spokes  of  il  in,  rolled  iron 
:es  are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in.  wide, 
m  integral  parts  of  the  hub.  which  is  13  in.  in  diameter  and  16  in.  long,  while  the 
:agt  into  bosses  on  the  inside  of  the  ring.    The  rolled  steel  shafts  are  16  in.  in 

central  portion  with  bearings  5  In.  in  diameter,  and  are  la  in.  long.  The  rope 
led  in  hard  maple  blocks  fastened  in  a  recess  in  the  rim.  The  total  weight  of 
950  lb.  each. 


TONAPAH— BELMONT  STEEL  HEAD  FRAME. 
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of  the  drum  at  the  hoist  is  64  in.,  but  the  rope  winds  twice  around  the  drum,  so  that  the  diameter 
is  66  in.  near  the  end  of  the  lift.  With  proper  allowance  for  bending  stresses  the  working  stresses 
under  the  most  severe  conditions  do  not  exceed  the  working  load  of  7.6  tons  as  given  by  the  manu- 
facturers of  the  wire  rope. 

Estimate  of  Weight  of  a  Steel  Head  Frame. — ^A  summary  of  a  detailed  estimate  of  the  75  ft. 
steel  head  frame  built  by  the  American  Bridge  Company  at  Tonopah,  Nev.,  is  [given  in  Table  IV. 
The  details  are  39.4  per  cent  of  the  weight  of  the  main  members.  The  rivet  heads  are  4.1  per  cent 
of  the  weight  of  the  structure. 

For  additional  examples  of  steel  head  frames,  see  the  author's  "The  Design  of  Mine  Struc- 
tures.'* 

COAL  TIPPLES. — ^The  design  of  a  coal  tipple  depends  upon  the  quality  of  the  coal,  upon 
whether  the  coal  is  hoisted  from  the  shaft  or  is  taken  from  a  drift  or  tunnel,  and  upon  the  work 
that  it  is  necessary  to  do  in  order  to  prepare  the  coal  for  the  market.  The  coal  tipple  for  a  bitumi- 
nous mine  in  which  the  coal  is  hoisted  from  a  shaft,  consists  of  a  head  frame  and  a  shaker  structure 
or  tipple  proper  where  the  coal  is  weighed  and  screened.  A  coal  tipple  for  an  anthracite  mine 
ordinarily  consists  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run  without  crushing 
or  screening;  the  coal  being  prepared  for  market  in  a  separate  breaker  building.  Where  bituminous 
coal  is  dirty  or  contains  a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a  washer 
building,  or  is  broken,  sized  and  cleaned  in  a  coal  breaker. 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple  proper,  is  usually  placed 
with  its  axis  at  right  angles  to  the  center  line  of  the  two  compartments.  The  hoisting  ropes 
may  be  either  parallel  to  the  axis  of  the  tipple,  in  which  case  the  head  sheaves  are  parallel;  or 
may  be  placed  at  right  angles  to  the  axis  of  the  tipple,  in  which  case  the  sheaves  are  placed  in 
tandem.  The  coal  may  be  run  through  rotary  screens,  or  over  shaking  screens  as  is  now  the 
common  practice.  Shaking  screens  are  usually  divided  into  sections  and  are  driven  by  eccentrics 
placed  180  degrees  apart.  The  shaking  screens  do  not  ordinarily  weigh  more  than  two  to  three 
tons  empty  or  four  to  six  tons  when  loaded,  but  are  driven  with  a  velocity  of  100  to  150  strokes 
per  minute,  with  a  length  of  stroke  of  from  4  to  12  in.  and  the  shaking  motion  makes  it  necessary 
to  design  the  shaker  structure  with  great  care  in  order  to  reduce  the  vibration.  The  best  modem 
practice  in  the  design  of  coal  tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structure, 
entirely  separate  and  independent  units. 

Sizing  CoaL — ^The  object  in  sizing  coal  is  to  separate  the  dirt  and  slack  from  the  coal,  and 
to  obtain  a  product  that  can  be  burned  more  advantageously  than  unsized  coal.  A  compact 
coal  will  not  admit  the  air  and  will  bum  on  the  surface,  and  it  is  therefore  an  advantage  to  have 
the  lumps  of  approximately  equal  size.  The  sizes  and  names  of  the  different  grades  of  coal  differ 
considerably  in  different  localities. 

Types  of  Coal  Tipples. — Coal  tipples  may  be  classed  under  three  types,  depending  upon  the 
manner  in  which  the  coal  is  brought  to  the  tipple;  (i)  hoisting  in  cages  or  skips  from  vertical  or 
slightly  inclined  shafts;  (2)  cage  hoisting  on  an  incline  either  from  a  shaft,  or  on  a  bridge,  or  from  a 
tunnel;  (3)  conveyor  hoisting  either  from  the  mine  or  from  a  head  bin  into  which  the  coal  has 
been  dumped  from  cars  or  skif>s. 

The  design  and  operation  of  coal  tipples  will  be  illustrated  by  describing  three  steel  coal 
tipples,  (i)  Steel  Coal  Tipple  for  the  W.  P.  Rend  Coal  Company — vertical  hoisting  with  self 
dumping  cages  and  shaking  screens;  (2)  Spring  Valley  No.  5  Steel  Coal  Tipple — ^vertical  hoisting 
in  cages,  with  Ramsey  transfer  and  shaking  screens;  and  (3)  Phillip's  Coal  Tipple — vertical 
hoisting  with  self  dumping  cages  dumping  into  a  storage  bin. 

Steel  Coal  Tipple  for  W.  P.  Rend  Coal  Company.— The  steel  coal  tipple  for  the  W.  P.  Rend 
Coal  Company,  Rendville,  111.,  has  the  head  frame  covering  four  tracks,  with  provision  for  four 
extra  tracks  on  the  opposite  side  of  the  center  line  of  the  head  frame.  The  steel  head  frame  is 
79  ft.  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  sheaves  are  8  ft.  in 
diameter  and  carry  a  i|  in.  hoisting  cable. 
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Operation  of  Coal  TippU. — Detail  plans  of  the  shaking  screens  and  tipple  equipment  are 
sbowo  in  Fig.  13.  The  coal  is  raised  from  the  mine  in  self  dumping  cages  and  is  dumped  into  two 
weigh  hoppers  having  a  capacity  of  four  tons  each.  From  the  weigh  hoppers  the  coal  passes 
through  a  dump  chute,  and  may  be  run  directly  into  cars  on  the  track  or  may  be  run  over  shaking 
screens.  The  first  section  of  the  shaking  screens  is  29  ft.  9  in.  long,  the  top  deck,  having  a  length 
of  16  ft.,  has  ]  in.  round  perforations;  the  middle,  having  a  length  of  18  ft.,  has  3  in.  round  perfora- 
tions, the  bottom  plate  being  solid.  The  upper  deck  of  screens  slopii^  toward  the  head  frame 
has  perforations  3}  in.  to  2  in.  round;  the  second  deck  has  perforations  a^  in.  to  3  in.  round;  the 
third  plate  deck  has  perforations  i  in.  round,  the  bottom  deck  being  solid.  The  coal  passing 
over  the  3  in.  and  3I  in.  round  perforations  of  the  main  screen  may  be  run  back  over  the  shaking 
screens  just  described,  or  may  be  run  over  the  second  shaking  screen  37  ft.  4  in.  long  and  8  ft.  wide. 
This  shaking  screen  has  a  length  of  8  ft.  with  perforations  6  In.  in  diameter.  By  making  different 
combinations  of  the  screens  different  grades  of  coal  can  be  obtained,  as  is  shown  in  Fig.  13,  The 
shaking  screens  are  carried  on  rollers  11  in.  in  diameter,  which  are  operated  by  eccentric  connecting 
rods  with  a  13  in.  stroke.  These  rollers  give  the  shaking  screens  a  motion  in  two  directions  and 
give  much  more  satisfactory  results  than  the  earlier  method  of  suspending  the  shaking  screens 
from  overhead  supports.     The  capacity  of  the  tipple  is  3,500  tons  in  eight  hours. 

The  tipple  was  designed  and  constructed  by  the  Wisconsin  Bridge  &  Iron  Company,  and 
the  tipple  equipment  was  furnished  by  the  Link-Belt  Company. 

Steel  Coal  Tipple  at  Spring  Valley  Shaft  No.  5. — The  steel  coal  tipple  constructed  at  Spring 
Valley  shaft  No.  5,  Spring  Valley,  Illinois,  is  one  of  the  best  examples  of  steel  tipple  construction 
for  bituminous  mines.  The  steel  tipple  building  is  187  ft.  long,  36  ft.  wide  and  35  ft.  from  the 
track  level  to  the  level  part  of  the  main  tipple  floor.  The  steel  head  frame  is  75  ft.  and  85  ft. 
6  in.  from  the  track  level  to  the  centers  of  the  sheaves,  respectively.    The  sheaves  are  10  ft.  in 
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Fic.  14.    Steel  Head  Fbame,  Spking  Valley  Coal  Tipple,  Shaft  No.  5. 
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diameter  and  are  placed  tandem  with  the  hoisting  rope,  and  at  right  anglet  to  the  axie  of  the 
main  tipple  building.  The  hoisting  rope  is  crucible  steel  r|  in.  in  diameter.  The  steel  tipple 
building  and  head  frame  are  covered  with  No.  i8  galvanized  corrugated  steel  carried  on  sted 
purlins.  Detail  plans  of  the  tipple  structure  are  given  in  Fig.  13  and  of  the  head  frame  in  Fig.  14. 
The  head  frame  and  tipple  building  are  fully  braced  and  make  a  very  rigid  structure.  The  main 
track  floor  o(  the  tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the  remainder 
of  the  tioor  having  a  pitch  of  4  in.  in  17  ft.  The  tipple  floor  is  covered  with  4  in,  planking  spiked 
to  4  in.  nailing  strips  which  are  carried  on  I-beam  joists.  The  weight  of  the  structural  steel, 
including  the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lb. 


Fig.  15.    Plan  of  Tipple  Tracks,  Spring  Valley  No.  5  Coal  Tippls. 

Operation  of  TippU. — The  detail  track  plan  is  shown  in  F^.  15;  the  operation  of  the  Ramsey 
transfer  is  shown  in  Fig.  16,  and  the  arrangement  of  the  shaking  bar  screens  is  shown  in  Fig,  17. 
Two  coal  cars  containing  i)  tons  each  are  hoisted  on  the  shaft  cage.  The  loaded  cars  are  pushed 
oft  the  cage  and  two  empty  cars  are  pushed  on  the  cage  by  means  of  a  steam  pusher,  as  shown  in 
Fig.  16.  From  the  cage  platform  the  loaded  cars  run  by  gravity  on  a  1}  per  cent  grade  to  the 
<]umps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or  dumps.  After  dumping,  the 
■cars  pass  to  the  right  by  gravity  on  the  10  per  cent  descending  grade  and  are  stopped  by  a  2  per 
■cent  ascending  grade  and  a  short  piece  of  track.  The  cars  then  return  by  gravity,  and  may  either 
be  switched  to  the  outside  Cracks  or  run  back  on  the  transfer  tracks.  The  empty  cars  are  run  on 
the  platform  of  the  Ramsey  transfer  and  are  raised  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  to 
the  level  of  the  floor  of  the  shaft  cage,  and  are  ready  to  be  shoved  on  the  cage  by  the  steam  pusher. 

The  coal  is  dumiied  by  the  Phillips  tipple  dumps  into  one  of  two  weigh  hoppers  5  ft.  wide, 
as  shown  in  Fig.  17.  After  the  coal  is  weighed  it  runs  out  of  the  weigh  hopper  on  a  converging 
chute  having  a  slope  of  30  degrees  with  the  horjiontal.  From  the  converging  chute  the  coal 
runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the  bars  being  placed  i  in.  apart.  The  fine  coal 
passing  through  this  screen  runs  over  a  {  in.  shaking  bar  screen  and  is  chutcd  into  the  cars.  The 
slack  passing  through  the  \  in.  bar  screen  is  run  directly  into  the  cars.  From  the  }  in-  shaking 
bar  screen  the  lump  coal  passes  through  a  converging  chute  and  over  a  bar  screen  5  ft.  6  in.  wide 
with  the  bars  spaced  5  in.  apart,  from  which  the  lump  coal  is  run  into  cars.  It  will  be  noted  that 
five  grades  of  coal  are  obtained:  mine  run  coal;  lump  coal  passing  over  the  5  in.  screen;  coal  passing 
the  5  in.  screen  and  retained  on  a  ]  in.  screen;  nut  coal  passing  a  {  in.  screen  and  retained  on  a  |  in. 
screen,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  1 ,800  to  2,000  tons  per  day.  The  tipple  was  designed 
by  Mr.  W.  Morava,  Consulting  Engineer,  Chicago,  III.,  and  was  built  by  the  American  Bridge 
Company  in  1900. 

Steel  Coal  Tipple  for  the  Phillips  Uine.— ^The  steel  coal  tipple  at  the  Phillips  mine  of  the 
H.  C.  Frick  Coke  Company  is  an  excellent  example  of  a  modern  coal  tipple  for  handling  bituminoua 
coal.     Detail  plans  of  the  coal  tipple  are  shown  in  Fig.  18.     The  steel  head  frame  is  of  the  4-p05t 
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type,  and  is  107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  main  tower  of 
the  head  frame  has  six  posts  made  of  4  Z's  3  in.  X2i\in.  X  |  in.  with  one  plate  6  in.  X  |  in.  The 
back  braces  consist  of  three  columns  having  the  same  section  as  the  main  posts.  The  head  frame 
is  fully  cross-braced  with  angle  struts,  as  shown  in  Fig.  22.  The  batter  of  the  main  tower  columns 
is  I  in.  in  12  in.,  while  the  back  brace  makes  an  angle  of  30  degrees  with  the  vertical.  The  sheaves 
are  10  ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest  the  engine  house 
on  a  built-up  frame  of  angles  and  plates  carried  on  two  15  in.  I-beams,  so  as  to  make  the  necessary 
clearance  for  the  sheaves.  The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  the  lower 
flanges  of  which  are  trolleys  arranged  for  the  attachment  of  chain  blocks  for  placing  and  re- 
placing the  sheaves.  The  shipping  weight  of  structural  steel,  including  the  corrugated  steel,  was 
569,500  lb. 

TABLE  VI. 

Data  on  Steel  Coal  Tipples. 


Phillips  Coal  Tipple, 
Pennsylvania 


Philadelphia  &  Read- 
ing, Gilbcrton 

Cardiflf  No.  2,  Cardiff, 
III 


Spring  Valley  No.  5, 
Spnng  Valley,  111. . 


Alberta  Railway  &  Ir- 
rigation Co.,  Leth- 
bridge,  Alta 

Rend  Tipple,  Rcnd- 
viUc,  lU 


Carbon  Tipple,  Car- 
bon, Montana.  . . . 


R.  F.  C.  Co.  Tipple, 
Montana 


Gebo  Upple,  Montana 
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268 


1,100 


600 


V 
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} 


107-0 


55-0 
66-^ 

65-9 

74-3 

7S-0 
85-6 

83-0 
95-0 


79-6 


90-0 
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lO-O 

14-0 

lO-O 
lO-O 

12-0 
8-0 


9-0 


If 

2 

If 

I| 

li 

li 


^3 


Self 
dump- 
ing 
cages 


Cars 


Cars 

Self 
dump- 
ing 
cages 

Cars 


Cars 


Cars 


|3 

r 


4,000 


40,000  work- 
ing load  each 
compartment 


2,000 


8,000 


Rate  of 
Hoisting. 


Ft. 

per 

Min. 


2,300 


Tons 
Day. 


6  tons 
per 
min. 


2,000 

2,000 

200 

tons 

per 

hour 


2,500 


Weight  of  Struc- 
ture in  Lb. 


569,500 


180,000 
415,530 


500,000 

[Head 

<  Frame  100,000 

[Shaker  56,000 


355,400 

tural 
16,800 

gated 
171,200 

tural 
31,300 

gated 
117,200 

tural 
10,300 

gated 


Struc- 
steel 
Corru- 
steel 
Struc- 
steel 
Comi- 
steel 
Struo- 
steel 
Comi- 
steel 


The  coal  is  hoisted  in  self-dumping  cages  which  dump  the  coal  into  distributing  chute?,  in 
which  it  runs  by  gravity  to  the  bins  having  a  capacity  of  800  tons.  The  coal,  being  all  used  for 
making  coke,  is  not  screened  or  weighed. 

The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with  J  in.  buckle  plates  on 
the  sides,  and  have  a  f  in.  plate  floor.  The  sides  are  supported  by  the  15  in.  I-beams  @  42  lb., 
spaced  3  ft.  5}  in.  center  to  center.  The  inclined  bottom  framing  consists  of  girders  having  48 
in.  X  i  in.  web  plates  and  flanges  composed  of  two  angles  6  in.  X  6  in.  X  A  "*•»  ^^^  ^tre  tied  together 
s  consisting  of  two  angles  8  in.  X  8  in.  X  1  in.  and  one  plate  17  in.  X  1  in.  at  the  bottom, 
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and  15  in.  I-beams  ®  42  lb.  at  the  top,  the  girders  being  spaced  3  ft.  5}  in.  center  to  center.  The 
main  side  girders  are  composed  of  two  I-beams  15  in.  @  43  lb.,  and  one  channel  15  in.  @  33  lb. 
The  I  in.  plate  floor  is  carried  on  12  in.  I-beams  spaced  about  i  ft.  6  in.  centers.  The  steel  plate 
floor  is  placed  at  a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can  be  with- 
drawn from  the  bin.  The  bins  discharge  through  vertical  gates  in  the  sides  into  motor-driven 
larries,  which  run  to  the  coke  ovens.  The  vertical  gates  are  raised  by  rack  and  pinion  and  chain 
wheels. 

Data  on  ten  steel  coal  tipples  are  given  in  Table  VI.  For  additional  examples  and  data  on 
steel  coal  tipples,  see  the  author's  "The  Design  of  Mine  Structures." 

SPECIFICATIONS  FOR  STEEL  HEAD  FRAMES  AND  COAL  TIPPLES,  WASHERS 

AND   BREAKERS.* 

PART  II. 

BY 

MILO  S.   KETCHUM, 
M.  Am.  Soc  C.  E. 

1912 

GENERAL  DESCRIPTION. 

198.  Types  of  Stnictare. — ^The  structure  shall  be  of  a  type  that  will  give  maximum  rigidity 
and  strength.  The  structure  shall  be  of  a  typ«  in  which  the  stresses  can  be  calculated  either  by 
statics  or  by  taking  into  account  the  deformations  of  the  members. 

199.  Bradni;. — All  bracing  shall  be  stiff,  and  shall  be  riveted  together  at  all  intersections  to 
give  maximum  ngidity. 

200.  Proposals.— -Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  giving  sizes  of  material,  and  such  detail  plans  as  will 
cleariy  show  the  dimensions  of  the  parts,  modes  of  construction  and  sectional  areas. 

201.  Detdl  Plans. — ^The  successful  contractor  shall  furnish  all  working  drawings  required 
by  the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  possible,  be  made  on  standard 
size  sheets  24  in.  X  j6  in.  out  to  out,  22  in.  X  34  in.  inside  the  inner  border  lines. 

202.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  bv  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

Loads. 

203.  The  structures  shall  be  designed  to  carry  the  following  loads  without  exceeding  the 
permissible  unit  stresses. 

204.  Dead  Loads. — ^The  dead  loads  shall  consist  of  the  weight  of  the  head  sheaves,  sheaves, 
blocks  and  girders,  the  weight  of  the  structure,  and  all  concentrated  machinery  and  equipment 
loads. 

205.  Woridng  Loads. — ^The  working  loads  on  head  frames  for  vertical  shafts  shall  be  taken 
as  equal  to 

K~2W-^R-^iW-^R)f  (I) 

where  K  «  the  working  stress  in  lb.  at  the  head  sheave  at  the  instant  of  picking  up  the  load; 
W  —  the  gross  load  of  the  cage  or  skip  and  the  load  of  ore  or  coal  in  lb.;  R  —  the  weight  of  the 
rope  from  the  head  sheaves  to  the  bottom  of  the  shaft  in  lb. ;  and  /  =  coefficient  of  friction  of  the 
rope,  skip  and  sheaves,  which  may  be  taken  at  0.0 1  to  0.02  for  vertical  shafts  and  0.02  to  0.04  for 
inclined  shafts  with  ropes  supported  on  rollers. 

206.  For  inclined  shafts  the  working  load  shall  be  taken  as 

IT'  -  (2 IF  +  i?)  sin  ^-h  f{W  -^R)  cos  $  (2) 

where  B  »  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

•  From  Specifications  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
Mine  Structures."     Part  I  is  "Specifications  for  Steel  Frame  Buildings"  as  printed  in  Chapter  I. 
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oad. — The  head  frame  shall  bedesigDedforaloadinoiieoraU  of  the  hoisting 

caking  stress  of  the  hoisting  rope  as  given  in  the  manufacturer's  catalog. 

Lottds. — The  stresses  due  to  machinery,  crushers,  tipple  equipmeot,  etc-, 
lie  same  as  the  stresses  due  the  working  or  live  load. 

B. — Where  the  head  frame  or  tipple  is  enclosed  the  wind  load  shall  be  assumed 
of  exposed  surface  acting  horizontally.  Where  the  framework  is  opea  the 
ken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  head 

calculating  the  stresses  due  to  wind,  the  wind  loads  may  be  assumed  as 
of  the  structure.  Where  one  side  of  the  structure  is  open  so  that  a  deep  cup 
tie  wind  load  shall  be  taken  as.oot  less  than  60  lb.  per  sq.  ft.  on  the  projectioa 

S> — Snow  loads  shall  be  taken  the  some  as  for  steel  frame  buildings. 

Allowable  Unit  Strssses. 
frames,  coal  tipples,  coal  washers  and  breakers,  and  similar  structures  shall 
allowing  allowable  stresses. 

.  Str«8S«a. — The  allowable  unit  stresses  for  dead  loads  shall  be  the  same  as 
n  "Specifications  for  Steel  Frame  Buildings."     Snow  loads  shall 


Md  Stresses. — The  allowable  unit  stresses  for  working  loads  shall  be  one- half 
tresses  for  dead  load  stresses  as  given  in  "Specifications  for  Steel  Frame 

i  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  dead  load 

Specifications  for  Steel  Frame  Buildings." 

oad  Stresses. — The  allowable  unit  stresses  for  the  maximum  stresses  due 

I  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead  load 
ent,  equal  to  three  times  the  allowable  unit  stresses  for  working  loads.  The 
rorking  loads  for  any  shaft  compartment  or  machine  need  not  be  assumed 

Load  Stresses. — -The  allowable  unit  stresses  for  the  maximum  stresses  due 
ving  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  loads, 
allowable  unit  stresses  for  dead  load  stresses. 

Stresses. — The  allowable  unit  stresses  when  the  wind  load  stress  is  com- 
oad  stress  plus  twice  the  working  load  and  machinery  load  stresses  shall  not 
unit  stresses  tor  dead  loads  by  more  than  35  per  cent.  If  the  sum  of  the 
,  the  dead  load  unit  stress,  and  twice  the  working  load  and  machinery  load 
he  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  area  of 
icreased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit.  Wind 
.  be  combined  with  breaking  load  stresses. 

Stress. — Members  subject  to  a  reversal  of  stress  due  to  a  combination  of 
id  working  load  stresses  shall  be  deigned  to  take  both  tension  and  com- 
leing  increased  by  one  half  the  smaller  of  the  two  stresses.  Members  subject 
a  due  to  wind  stress  combined  with  dead  load  stresses  and  working  load 
load  stresses  combined"  with  dead  load  stresses  shall  be  designed  to  carry 

^■ges. — Skips  and  cages  shall  be  made  of  structural  steel,  as  shown  on  the 
ey  shall  be  provided  with  guide  shoes  and  safety  devices.     For  inclined 

II  have  phosphor  bronze  bushings. 

fhing  Hooks. — All  skips  and  cages  shall  be  provided  with  effective  detachii^c 

ill  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a 

rofeet. 

—Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercuttype. 

lipped  with  operating  mechanism  so  that  they  can  be  opened  in  service  by 

'ixcd  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shall  be 
:  bars  will  not  be  permanently  deflected  under  the  load.     The  screen  bars 
angle  so  that  they  will  screen  the  ore  or  coal  without  choking  up. 
eens  shall  be  carried  on  rollers  and  be  driven  by  eccentric  connecting  bars. 

at  proper  slopes,  and  shall  be  provided  with  all  necessary  gates.     Unless 
e  screens  shall  be  made  of  structural  steel. 
ens  shall  be  made  of  structural  and  machinery  steel,  and  shall  perform  the 

specifications. 
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225.  CoaI  Tip^es  or  Dump8.-yCoal  tipples  or  dumps  shall  be  provided  as  shown  on  the  detail 
plans  or  called  for  in  the  specifications. 

226.  Dumping  Devices. — ^Where  self -dumping  skips  or  cages  are  used  an  efficient  and  satis- 
factory dumping  device  shall  be  provided. 

227.  Head  Sheaves. — The  head  sheaves  shall  be  substantial  with  the  top  flanges  turned 
smooth  and  true  to  receive  the  hoisting  rope.  The  sheave  wheel  shaft  shall  be  of  the  oest  grade 
of  machinery  steel  of  ample  stren^h,  carefully  and  truly  made.  The  sheave  boxes  shall  be  lined 
with  the  best  quality  of  anti-friction  metal  and  shall  be  adjustable  to  take  up  the  wear.  Unless 
otherwise  specified  the  sheave  wheels  shall  have  wrought  iron  spokes. 

228.  T^nHing  Stage. — ^An  efficient  landing  device  shall  be  furnished. 

Details  of  Construction. 

229.  Unless  otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  for 
steel  frame  buildings. 

230.  Design. — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
structures  care  shall  be  use^  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  it 
may  be  rigid.  Preference  shall  be  given  to  types  of  structures  that  are  statically  determinate. 
Where  4-post  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
be  calculated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  All  bracing 
is  to  be  made  of  stiff  members;  the  use  of  rods  or  bars  will  not  be  permitted,  except  for  sag  rods 
and  anchors.  It  is  very  important  that  head  frames,  coal  tipples,  coal  washers  and  breakers  and 
similar  structures  be  made  very  rigid. 

231.  Lengths  of  Compression  Members. — ^The  length  of  compression  members  in  head 
frames  and  shaker  structures  shall  not  exceed  100  times  the  least  radius  of  gyration  for  main 
members  nor  140  times  the  least  radius  of  gyration  for  secondary  bracing. 

232.  Lengths  of  Tension  Members. — ^The  length  of  tension  members  in  head  frames  shall 
not  eiuxed  150  times  the  least  radius  of  gvration  for  main  members,  nor  200  times  the  least  radius 
of  gyration  for  secondary  bracing.  The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
center  to  center  of  end  connections. 

233.  Splices. — ^All  splices  in  main  members  shall  be  designed  to  carry  the  full  strength  of 
the  member. 

234.  Reaming. — ^The  rivet  holes  for  all  field  splices  shall  be  punched  to  a  diameter  ^  ii^- 1^^ 
than  the  finished  hole  and  shall  be  reamed  to  the  required  size  with  the  members  bolted  in  place 
with  an  iron  templet.  All  metal  more  than  }  in.  thick  shall  be  punched  and  reamed,  or  be  drilled 
from  the  solid. 

235.  Bfinimum  Thickness  of  MetaL — ^The  minimum  thickness  of  metal  in  plates  and  sections 
shall  be  A  in.,  except  for  fillers. 

236.  Erection. — ^AU  field  connections  shall  be  riveted.  Before  the  riveting  is  begun  all  field 
connections  shall  be  fully  drawn  up  with  field  bolts,  in  not  less  than  one- half  the  holes  of  each 
joint. 

217.  Materials  and  Workmanship. — All  materials  and  workmanship  shall  comply  with  the 
Specifications  for  Steel  Frame  Buildings  unless  otherwise  specified. 

238.  Painting. — ^AU  steel  work  shall  receive  one  coat  of  satisfactory  graphite  or  carbon  paint 
at  the  shop.  Before  erecting  all  abraded  spots  shall  be  touched  up,  and  all  rivet  heads  shall  be 
painted  as  soon  as  accepted  by  the  inspector.  After  the  erection  is  complete  all  structural  steel 
work  shall  be  given  two  coats  of  satisfactory  graphite  or  carbon  paint.  The  three  coats  of  paint 
shall  be  of  diflFerent  colors. 

REPBRENCES. — For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
and  other  mine  structures,  and  for  numerous  examples  of  structures,  see  the  author's  "  The 
Design  of  Mine  Structures."  This  book  pves  the  calculation  of  stresses  in  head  frames,  and  also 
gives  a  full  discussion  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
of  construction  and  costs. 

*  For  the  calculation  of  the  stresses  in  mine  structures,  see  the  author's  "The  Design  of  Mine 
Structures." 
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CHAPTER  XL 
Steel  Stand-Pipes  and  Elevated  Tanks  on  Towers. 

DATA  FOR  DESIGN. — ^The  following  data  will  be  of  assistance  in  the  design  of  steel 
stand-pipes  and  elevated  tanks  on  towers.  For  definitions  of  stand-pipes  and  elevated  towers 
on  tanks,  see  the  specifications  in  the  latter  part  of  this  chapter. 

Notation: — 

h  »  distance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 
d  «  diameter  of  the  stand-pipe  or  elevated  tank  in  feet; 
r  "s  radius  of  the  stand-pipe  or  elevated  tank  in  feet; 
i  »  thickness  of  the  shell  in  inches  at  any  given  point; 
p  a  hydrostatic  pressure  in  lb.  per  sq.  in.  at  any  point  »  0.434^; 
S  <>  stress  per  vertical  lineal  inch  of  stand-pipe; 
s  ">  unit  stress  in  lb.  per  sq.  in.  in  vertical  section  of  stand-pipe; 
S*  >-  stress  per  horizontal  lineal  inch  of  stand-pipe; 
s'  as  unit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-pipe; 
S"  »  stress  per  lineal  inch  along  a  circumferential  line,  due  to  wind ; 
s"  ">  unit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 
Fonniilas  for  Stresses  in  Stand-Pipes. — ^The  stress  per  lineal  vertical  inch  of  stand-pipe  is 

2  X  12  ^  ^ 

The  stress  per  sq.  in.  is 

s  =  2,6h'dlt  (2) 

The  stress  per  horizontal  lineal  inch  of  stand-pipe  due  to  the  weight  of  stand-pipe  W,  is 

y  -  WKl2ir'd)  =  0,026Wld  (3) 

The  stress  per  sq.  in.  is 

s'  =  o,026WKd't)  (4) 

For  ordinary  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
of  the  surface,  or  20  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  exposed  positions  the  wind  pressure 
may  need  to  be  taken  as  high  as  45  lb.  per  sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
per  sq.  ft.  on  the  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
be  designed  for  two-thirds  of  25  lb.  per  sq.  ft.  At  30  lb.  per  sq.  ft.  acting  on  two-thirds  of  the 
surface  (20  lb.  per  sq.  ft.)  the  bending  moment  at  any  distance  h  below  the  top,  due  to  wind  is 

M  ''20  XdhXhX  12/2  =  i20d'h*  (5) 

where  M  is  in  in.-lb. 

The  stress  in  the  extreme  fiber  of  the  shell  is 

s"  «  Jf  .y/J  (6) 

Now  y  ««  I2r,  /  =  iir(ri^  —  rfi  =  ^1r•f•  (approx.— r  is  in  ft.*  and  t  in  in.)  =  /•ir-f*-i2'  (in  in.^). 
Substituting  y  and  /  in  (6) 

,,      i2od'h*-r'i2 

-  i,o6hV(t'd)  '  (7) 
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lineal  inch  will  be 

S"  -  I.06*V<«  (8) 

«  stress  in  the  net  section  of  the  plate  is  13.000  lb.  per  sq.  in.,  and  t  —  efficiency 
/  -  2.6*<I/(i3,ooo  Xe)  (9) 

□r  different  conditions  are  given  in  Table  Ila. 

Stresses  in  Elevftted  Steel  Tanks. — The  Btress  per  lineal  vertical  inch  □{  [riate 

:aad-pipes 

S  =  2.f>kd  (i) 

in  vertical  joints  is 

*  ~3.6h-dlt  (a) 

iUdial  Joints. — Spherical  Bottonu.— In  a  henuspherical  bottom  the  radial 
'~i,  will  be  one-half  the  stresses  in  a  cylinder  of  the  same  radius  and  the  same 

n  -  3.6h-dH2t)  -  a.6k-rll  (10) 

1  bottom  (b)  fig.  I,  the  stress  Ti  will  be 


Ti'  - 


W-CSC9 


7-cac*» 


2  X  i2T-6-(      a4i-ri-( 
■  J»  —  62.sh-T-Ti*-s\n'e,  and 

24( 

quation  (10)  for  a  hemispherical  bottom  when  ri 
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Stresses  on  Radial  Joints.  Conical  Bottoms. — In  a  conical  bottom  the  stress  per  sq.  in. 
Ti"  will  be  from  (a)  Fig.  i. 

Now 

W  =  62.$h'ir-ri\ 
and 

—  2,6h-rvcsc9lt  (15) 

Stresses  on  Circumferential  Joints.  Conical  Bottoms. — In  (a)  Fig.  i,  pas?  two  horizontal 
planes  through  the  cone  so  that  the  intercept  along  the  cone  will  be  a  unit  in  length.  The  tapered 
ring  cut  away  has  a  pressure  of  p'  lb.  per  lineal  inch.  This  pressure  p'  may  be  resolved  into  a 
pressure  along  the  element  of  the  cone,  p\  »  p'  tan  0,  and  a  horizontal  pressure,  pi  =  p'  esc  0, 
The  stress  in  circumferential  joint  will  be 

Tt" -^  i2Pt*rilt  ^  i2p'-rvCBcelt 

«  12  X  0.434*  Ti- esc  ^// 

=  S'^h-ri'CscBlt  (16) 

which  is  twice  the  stresses  in  the  radial  joints. 

Stresses  in  Circumferential  Joints. — Spherical  Bottoms. — ^The  radial  unit  stress  in  a  hemi- 
spherical bottom  is  given  by  equation  (12).  Now  in  a  segment  of  a  spherical  shell  the  curvature 
is  the  same  in  all  directions,  and  the  unit  stress  on  a  circumferential  joint  will  be  the  same  as  on 
a  radial  joint,  and 

r/  -  r,'  -  2.6AT1//  (17) 

Connection  Between  Side  and  Bottom  Plates. — ^With  a  conical  bottom  the  inclined  pull  per 
lineal  inch  at  the  bottom  of  the  circular  tank  will  be  from  (15) 

r/''  =  2.6*TC8C^.  (18) 

The  compressive  stress  in  the  horizontal  ring  will  be  due  to  the  horizontal  components  of  the 
inclined  stresses  and  will  be 

P'  -  Ti'"  coBOr  X  12 

=  3i.2AT*'COt  $  (19) 

There  are  no  inclined  or  compressive  stresses  in  a  hemispherical  bottom  unless  the  circular 
shell  and  the  hemispherical  bottom  are  joined  by  an  elliptical  segment.  If  the  radius  of  the 
circular  tank  divided  by  the  radius  of  the  segment  =  2,  there  will  be  no  secondary  stresses  (see 
"Stresses  in  Tank  Bottoms,"  by  Professor  A.  N.  Talbot,  The  Technograph  No.  16,  p.  139). 

Stresses  in  a  Circular  Girder. — ^The  circular  girder  supports  the  weight  of  the  tank,  the 
contents  of  the  tank,  and  its  own  weight.    The  load  is  uniformly  distributed  along  the  girder. 
The  girder  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load  to  them. 
Let  W  »  total  load  on  girder  in  lb. ; 
r  »  radius  of  girder  in  in. ; 
n  »  number  of  posts; 

a  —  2t In  —  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
a'  —  angle  subtended  at  center  by  any  arc; 
M  »  direct  bending  moment  in  the  girder  at  any  point  in  in.-lb.; 
T  »  torsional  bending  moment  in  girder  at  any  point  in  in.-lb. ; 
S  *>  shear  in  girder  at  any  point  in  lb. ; 
Pa  —  P6,  etc.,  —  reactions  of  columns  in  lb. 
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DETAILS  OF  STEEL  TANKS.  369 

as  in  Fig.  3.  Tken  the  maximum  vertical  stress  in  column  i  will  occur  on  the  leeward  side  when 
the  wind  is  blowing  in  the  direction  i-i.  If  M  is  the  wind  moment  about  the  axis  A-B,  the 
moment  of  the  stresses  in  the  column  about  axis  A-B  will  be  equal  to  M.  In  a  tower  with  8 
columns  as  in  Fig.  3  we  have  (stress  i)  X  2r  +  (stress  2)  X  4r'Cos  45®  =  M. 

But  Stress  i  is  to  Stress  2  as  r  is  to  fcos  45®;  and  Stress  i  (ir  -\-  2r)  =  M,  Stress  i  —  M/^r, 
and  Stress  2  =  o.^M/^r.  In  a  6  column  tower  the  stress  in  the  most  remote  post  is  M/y  and 
in  each  of  the  others  is  J  M/y.  In  a  4  column  tower  the  stress  in  each  column  is  M/2r.  If  the 
columns  are  vertical  the  maximum  stresses  will  occur  at  the  foot  of  the  columns;  if  the  columns 
are  inclined  the  stress  should  be  calculated  at  both  the  top  and  the  bottom.  The  maximum 
stresses  will  be  the  sum  of  the  dead  and  wind  load  stresses. 

Having  calculated  the  vertical  components  of  the  stresses  in  the  columns,  the  stress  in  the 
column  will  be  equal  to  the  vertical  component  multiplied  by  the  secant  of  the  angle  between  the 
column  and  a  vertical  line. 

A 
15 
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/ 
/ 
/ 
/ 


^ 


X-" 


4 


MhcT 


\ 
\ 


2\ 


Fig.  3. 

If  the  upward  pull  of  the  columns  on  th^  windward  side  is  greater  than  the  dead  load  when 
the  bin  is  empty  the  column  must  be  anchored  down.  The  masonry  footing  should  have  a 
weight  equal  to  at  least  one  and  one-half  times  the  resultant  upward  pull. 

DETAILS  OF  STEEL  TANKS.— The  standard  plans  in  Fig.  10  and  Fig.  11  and  the  Jack- 
son, Minn.,  tank  in  Fig.  6,  show  the  plates  in  alternate  courses  of  different  diameters,  while  the 
standard  details  of  the  Chicago  Bridge  and  Iron  Co.  in  Fig.  8  shows  the  plates  telescoped  with 
the  edge  of  the  plate  for  caulking  on  the  inside  so  that  it  may  be  caulked  from  above.  The  stand- 
ard specifications  given  in  the  last  part  of  this  chapter,  also  the  specifications  of  the  American 
Railway  Engineering  Association  in  the  last  part  of  this  chapter  both  require  that  the  plates  in 
ahemate  courses  be  of  different  diameters  as  shown  in  Fig.  10,  Fig.  11,  and  Fig.  6. 

Hemispherical  or  segmental  bottoms  are  now  quite  generally  used,  the  conical  bottom  being 
rarely  used  on  account  of  the  difHculty  in  making  a  satisfactory  connection  to  the  tank  cylinder. 
Spherical  tank  bottoms  are  used  to  a  limited  extent. 

The  standard  details  of  the  Chicago  Bridge  and  Iron  Co.  for  circular  water  tanks  and  hemis- 
pherical bottoms  are  given  in  Fig.  8,  and  the  standard  column  details  are  shown  in  Fig.  9. 

The  properties  for  water  tight  joints  together  with  shearing  and  bearing  values  of  rivets  are 
given  in  Table  Ila.  Standard  plans  for  a  95,000  gallon  tank  on  a  100  ft.  tower  are  given  in  Fig.  10; 
while  standard  plans  for  a  stand-pipe  20  ft.  in  diameter  and  90  ft.  high  are  given  in  Fig.  1 1 .  Table 
Ila  and  Fig.  10  and  Fig.  11  were  prepared  by  Mr.  C.  W.  Birch-Nord  to  accompany  the  standard 
spedfications  printed  in  Trans.  Am.  Soc.  C.  E.,  VoL  64,  and  partially  reprinted  in  this  chapter. 
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DRTAILS  OF  STEEL  TOWERS. — Steel  towers  are  commonly  made  with  four  columns, 
although  eight  or  twelve  columns  are  sometimes  used  for  large  elevated  tanks.  The  columns  of 
towers  are  commonly  made  of  two  channels,  laced  top  and  bottom;  of  two  channels  with  top 
cover  plate  and  bottom  lacing;  of  a  built  H  section  made  of  plates  and  angles,  or  a  rolled  H  section. 
Z-bars  are  now  very  difficult  to  obtain  and  the  Z-bar  column  should  not  be  used.  The  struts 
are  made  of  built  channels,  or  of  angles,  or  of  plates  and  angles.  The  diagonal  bracing  is  commonly 
made  of  rods  with  adjustable  clevises  or  turnbuckles. 

EXAMPLES  OF  STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.— The 
design  of  steel  stand-pipes  and  elevated  tanks  on  towers  will  be  illustrated  by  describing  several 
typical  examples. 
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Fia  8.    Details  of  Tank  and  Hemispheiucal  Bottom.    Chicago  Bridge  &  Iron  Co. 


S«iliniy  Water  Tanks. — ^Four  typical  examples  of  steel  water  tanks  are  shown  in  Fig.  4;  the 
50,000  gallon  railway  water  tank  in  (a)  Fig.  4  was  designed  by  the  American  Bridge  Company; 
the  65,000  gallon  water  tank  in  (6)  is  a  standard  tank  on  the  Harriman  Lines;  the  50,000  gallon 
tank  in  (c)  was  designed  by  the  C.  B.  &  Q.  R.  R.;  while  (rf)  is  a  typical  stand-pipe. 

Elevated  Tank  and  Tower  for  Jackson,  Minn. — Details  of  the  steel  elevated  tank  and  tower 
<]eaig:ned  by  Mr.  L.  P.  Wol£F,  Consulting  Engineer,  St.  Paul,  Minn.,  for  Jackson,  Minn.,  are  shown 
in  Fig.  5,  Fig.  6,  and  Fig.  7.  A  general  plan  and  details  of  the  foundations  and  the  roof  are  shown 
in  Fig-  5-  Details  of  the  riveting  of  the  tank  plates;  details  of  the  columns,  and  details  of  the 
frost  proofing  are  shown  in  Fig.  6.  Details  of  the  circular  girder,  and  the  connections  of  the 
columns  are  shown  in  Fig.  7.    The  tank  has  a  hemispherical  bottom  with  a  conical  sub-bottom. 
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Fig,  9.     Details  of  Column  Connections  for  Elbvated  Tank  and  Towek. 
Chicago  Bridge  &  Iron  Co. 
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Stahdabd  Plan  of  Elevated  Task  on  Tower,  by  C.  W.  Bikch-Nord. 
(Trans.  Am.  Soc  C.  E.  ,  Vol  64.  1909.) 
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GENERAL  SPECIFICATIONS  FOR  ELEVATED  STEEL  TANKS  ON  TOWERS,  AND 

FOR  STAND-PIPES.^ 

Part  I.    Design  of  Elevated  Steel  Tanks  on  Towers. 

DeflnitiQii. — i.  An  elevated  tank  is  a  vessel  placed  on  a  tower  in  order  to  furnish  a  certain 
required  pressure  head.     The  tank  is  filled  through  a  riser  or  inlet  pipe. 

2.  Elevated  tanks  are  mostly  used  in  connection  with  pumping  stations,  or  are  connected 
directly  to  Artesian  wells,  in  order  to  store  water  under  pressure. 

3.  As  practically  all  tanks  are  cylindrical,  this  specification  will  only  have  reference  to  those 
of  that  shape. 

Loads. — ^4.  The  dead  load  shall  consist  of  the  weight  of  the  structural  and  ornamental  steel- 
work, platforms,  roof  construction,  piping,  etc. 

5.  The  live  load  shall  be  the  contents  of  the  tank,  the  movable  load  on  the  platforms  and 
roof,  and  the  wind  pressure. 

6.  The  live  load  on  the  platforms  and  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200-lb. 
concentrated  load  applied  at  any  point. 

7.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.,  acting  in  any  direction.  The 
surfaces  of  cylindncal  tanks  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the  diameter 
multiplied  by  the  height.  Similar  assumptions  may  also  be  made  for  spherical  and  conical  surfaces 
by  using  the  correct  heights. 

8.  The  live  load  on  platforms  and  roof  shall  not  be  considered  as  acting  together  with  the 
windpressure. 

Unit  Stre88e8.^-9.  All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the  dead 
and  live  loads  shall  not  cause  the  stresses  to  exceed  those  given  in  Table  1. 
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TABLE  I. 

Tension  in  tank  plates 12,000 

Tension  in  other  part  of  structure 16,000 

Compression 16,000 

Shear  on  shop  rivets  and  pins 12,000 

Shear  on  field  rivets  (tank  rivets)  and  bolts 9,000 

Shear  in  plates 10,000 

Bearing  pressure  on  shop  rivets  and  pins 24,000 

Bearing  pressure  on  field  rivets  (tank  rivets) 18,000 

Fiber  strain  in  pins 24,000 

10.  For  compression  members,  the  permissible  unit  stress  of  16,000  lb.  shall  be  reduced  by  the 
formula: 

P  «  16,000  —  70  //r, 

where  P  »  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.: 

/  —  length  of  member,  from  center  to  center  of  connections,  in  inches; 
f  »  least  radius  of  gyration  of  section,  in  inches. 
The  ratio,  //r,  shall  never  exceed  120  for  main  members  and  180  for  struts  and  roof  construc- 
tion members. 

11.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  combined 
dead  and  live  loads. 

12.  Unit  stresses  in  bracing  and  other  members  taking  wind  stresses  may  be  increased  to 
20,000  lb;J>er  sq.  in.,  except  as  shown  in  Section  11. 

13.  The  pressures  given  in  Table  II  will  be  permissible  on  bearing  plates. 


TABLE  II. 

Brickwork  with  cement  mortar 200  lb.  per  sq.  in. 

Portland  cement  concrete 350  lb.  per  sq.  in. 

First-class  sandstone 400  lb.  per  sq.  in. 

First-class  limestone 500  lb.  per  sq.  in. 

First-class  granite 600  lb.  per  sq.  in. 

•  Condensed  from  Specifications  by  C.  W.  Birch-Nord,  Assoc.  M.  Am.  Soc.  C.  E.,  Trans. 
Am.  Soc.  C.  E.,  Vol.  64,  pp.  548  to  563.  The  preliminary  statement  and  the  specifications  for  the 
foundations  have  been  omitted.  These  specifications  have  been  adopted  by  the  American  Bridge 
Company. 
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Details  of  Construction. — 14.  The  plates  forming  the  sides  of  cylindrical  tanks  shall  be  of 
different  diameters,  so  that  the  courses  shall  lap  over  each  other,  inside  and  outside,  alternately. 

15.  The  joints  for  the  horizontal  seams,  and  for  the  radial  seams  in  spherical  bottoms,  shall 
preferably  be  lap  joints. 

16.  For  vertical  seams  double-riveted  lap  joints  shall  be  used  for  {,  Ai  ^nd  }  in.  plates.  Triple 
lap  joints  shall  be  used  for  ^  and  )  in.  plates;  double-riveted  butt  joints  shall  be  used  for  A,  |, 
H  and  }  in.  plates;  and  triple-riveted  butt  joints  for  H>  if  H  ^nd  i  in.  plates. 

17.  Rivets  t  in.  in  diameter  shall  be  used  for  i  in.  plates;  rivets  f  in.  in  diameter  shall  be 
used  for  ^  in.  plates;  rivets  {  in.  in  diameter  shall  be  used  for  {  to  {  in.  plates,  inclusive.  Rivets 
I  in.  in  diameter  shall  be  used  for  jf  in.  and  i  in.  plates. 

Rivets  shall  be  spaced  so  as  to  make  the  most  economical  seams  (70  to  75  per  cent  efficiency). 
A  table  of  riveted  jomts  is  given  in  Table  I  la. 

18.  In  no  case  shall  the  spacing  between  rivets  along  the  caulked  edges  of  plates  be  more 
than  ten  times  the  thickness  of  the  plates.  All  rivets  shall  be  entered  from  the  inside  of  the 
tank,  and  shall  be  driven  from  the  outside,  that  is,  new  heads  on  rivets  shall  always  be  formed  from 
the  opposite  side  of  the  plate  on  which  the  caulking  is  done. 

19.  Plates  f  in.  thick,  and  not  more  than  {  in.  thick,  shall  be  sub-punched  with  a  punch  A  in. 
smaller  in  diameter  than  the  nominal  size  of  the  rivets,  and  shall  be  reamed  to  a  finished  diameter 
not  more  than  1^  in.  larger  than  the  rivet.     Plates  thicker  than  }  in.  shall  be  drilled. 

30.  The  minimum  thickness  of  the  plates  for  the  cylindrical  part  shall  be  i  in.  The  thick- 
ness of  the  plates  in  spherical  bottoms  shall  never  be  less  than  that  of  the  lower  course  in  the 
cylindrical  part  of  the  tank. 

21.  The  facilities  at  the  plant  where  the  material  is  to  be  fabricated  will  be  investigated 
before  the  material  is  ordered. 

32.  All  plates  shall  be  sheared  or  planed  to  a  proper  bevel  alon^  the  edges  for  caulking. 

23.  All  plates  shall  be  caulked  along  the  beveled  edges  from  the  mside  of  the  tank,  and  with  a 
round-nosed  tool.  The  use  of  foreign  material  for  caulking,  such  as  lead,  copper,  filings,  cement, 
etc.,  will  not  be  permitted. 

24.  The  plates  in  tanks  for  the  storage  of  oil  shall  be  beveled  on  both  sides  for  outside  and 
inside  caulking. 

25.  The  radial  sections  of  spherical  bottoms  shall  be  made  in  multiples  of  the  number  of 
columns  supporting  the  tank,  and  shall  be  reinforced  at  the  lower  parts,  where  holes  are  made 
for  piping. 

26.  When  the  center  of  the  spherical  bottom  is  above  the  point  of  connection  with  the  cylin- 
drical part  of  the  tank,  there  shall  be  provided  a  girder  at  said  point  of  connection  to  take  the  hori- 
zontal thrust.  The  horizontal  girder  may  be  made  in  connection  with  a  balcony.  This  also 
applies  where  the  tank  is  supported  by  inclined  columns. 

27.  The  balcony  around  the  tank  shall  be  3  ft.  wide,  and  shall  have  a  floor-plate  }  in.  thick, 
which  shall  be  punched  for  drainage.  The  balcony  shall  be  provided  with  a  suitable  railing, 
3  ft.  6  in.  high. 

28.  The  upper  parts  of  spherical  bottom  plates  shall  always  be  connected  on  the  inside  of  the 
cylindrical  section  of  the  tank. 

29.  In  order  to  avoid  eccentric  loading  on  the  tower  columns,  and  local  stresses  in  spherical 
bottoms,  the  connections  between  the  columns  and  the  sides  of  the  tank  shall  be  made  in  such  a 
manner  that  the  center  of  gravity  of  the  column  section  intersects  the  center  of  connection -between 
the  spherical  bottom  and  the  sides  of  the  tank.  Enough  rivets  shall  be  provided  above  this  inter- 
section to  transmit  the  total  column  load. 

30.  If  the  tank  is  supported  on  columns  riveted  directly  to  the  sides,  additional  material  shall 
be  provided  in  the  tank  plates  riveted  directly  to  the  columns  to  take  the  shear.  The  shear  may 
be  taken  by  providing  thicker  tank  plates,  or  by  reinforcement  plates  at  the  column  connections, 
while  bendmg  moments  shall  be  taken  by  upper  and  lower  flange  angles.  Connections  to  columns 
shall  be  made  in  such  a  manner  that  the  efnciency  of  the  tank  plates  shall  not  be  less  than  that 
of  the  vertical  seams. 

31.  For  high  towers,  the  columns  shall  have  a  batter  of  i  to  12.  The  height  of  the  tower 
shall  be  the  distance  from  the  top  of  the  masonry  to  the  connection  of  the  spherical  bottom,  or 
the  flat  bottom,  with  the  cylindrical  part  of  the  tank. 

32.  Near  the  top  of  the  tank  there  shall  be  provided  one  Z-bar  to  act  as  a  support  for  the 
painter's  trolley,  ancf  for  stiffening  the  tank.  Its  section  modulus  shall  not  be  less  than  D^/aso, 
where  D  is  the  diameter  of  the  tank  in  feet.  If  the  upper  part  of  the  tank  is  thoroughly  held  by 
the  roof  construction,  this  may  be  reduced. 

33.  On  large  tanks,  circular  stiffening  angles  shall  be  provided  in  order  to  prevent  the  plates 
from  buckling  during  wind  storms.  The  distance  between  the  angles  shall  be  determined  by  the 
formula: 

d  =  900  t^/D, 
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where  d  «»  approximate  distance  between  angles,  in  feet; 
/  s  tmckness  of  tanl^  plates,  in  inches; 
D  ■"  diameter  of  tank,  m  feet. 

34.  The  top  of  the  tank  will  generally  be  covered  with  a  conical  roof  of  thin  plates;  and  the 
pitch  shall  be  i  to  6.  For  tanks  up  to  22  ft.  in  diameter,  the  roof  plates  will  be  assumed  to  be 
self-supporting.  If  the  diameter  of  the  tank  exceeds  22  ft.,  angle  rafters  shall  be  used  to  support 
the  roof  plates,  which  are  generally  }  in.  thick. 

Plates  of  the  following  thicknesses  will  be  assumed  to  be  self-supporting  for  various  diameters: 

fin.  plate,  up  to  a  diameter  of  18  ft. 
in.  plate,  up  to  a  diameter  of  20  ft. 
A  in.  plate,  up  to  a  diameter  of  22  ft. 

Rivets  in  the  roof  plates  shall  be  from  i  to  A  ^n.  in  diameter,  and  shall  be  driven  cold.  These 
rivets  need  not  be  headed  with  a  button  set. 

35.  A  trap-door,  2  ft.  square,  shall  be  prcfvided  in  the  roof  plate.  Near  the  top  of  the  higher 
tanks,  there  shall  be  a  platform  with  a  railmg,  for  the  safety  of  the  men  operating  the  trap-door. 

36.  There  shall  be  an  ornamental  hnial  at  the  top  of  the  roof. 

37.  There  shall  be  a  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above  the 
foundation  to  the  top  of  the  tank,  and  also  one  on  the  inside  of  the  tank.  Each  ladder  shall  be 
made  of  two  2)  by  |  in.  bars  with  }  in.  round  rungs  i  ft.  apart.  On  large,  high  tanks,  30  ft.  or 
more  in  diameter,  a  walk  shall  be  provided  from  the  column  nearest  the  ladder  to  the  expansion 
joint  on  the  riser  or  inlet  pipe. 

38.  In  desiring  a  tank,  a  height  of  6  in.  shall  be  added  to  the  required  height  of  the  tank 
if  an  overflow  pipe  is  not  specified  by  the  owner. 

39.  Each  elevated  tank  shall  be  furnished  with  a  riser  or  inlet  pipe,  the  size  of  which  shall  be 
determined  by  the  rate  at  which  the  tank  must  be  filled.  The  size  of  the  riser  pipe  will  be  speci- 
fied by  the  owner.  The  outlet  pipe,  in  most  cases,  is  not  required,  as  the  riser  or  inlet  pipe  will 
serve  the  same  purpose,  but  it  shall  be  furnished  if  demanded  by  the  owner. 

40.  All  pipes  entering  the  tank  shall  have  cast-iron  expansion  joints  with  rubber  packing,  and 
facilities  for  tightening  such  joints.  The  expansion  joint,  generally,  shall  be  fastened  to  the 
bottom  of  the  tank  with  bolts  having  lead  washers.  The  tank  plates  shall  be  reinforced  where  the 
pipes  enter  the  tank. 

41.  All  pipes  entering  the  tank  shall  be  thoroughly  braced  laterally  with  adjustable  diagonal 
bracing  at  the  panel  points  of  the  tower. 

42.  The  diagonal  bracing  in  the  tower  shall  preferably  be  adjustable,  and  shall  be  calculated 
for  an  initial  stress  of  3,000  lb.  in  addition  to  wind  stresses,  etc. 

43.  The  size  and  number  of  the  anchor-bolts  in  the  tower  shall  be  determined  by  the  maxi- 
mum uplift  when  the  tank  is  empty.  The  anchor-bolts  in  the  tower,  where  the  maximum  uplift 
is  greater  than  10,000  lb.,  shall  be  fastened  directly  to  the  columns  with  bent  plates  or  similar 
demils.  In  all  other  cases  it  will  be  sufficient  to  connect  the  anchor-bolts  directly  to  the  base- 
plates. 

The  tension  in  anchor-bolts  shall  not  exceed  i5»ooo  lb.  per  sq.  in.  of  net  area.  The  minimum 
section  shall  be  limited  to  a  diameter  of  1}  in.  The  details  shall  be  made  so  that  the  anchor- 
bolts  will  develop  their  full  strength,  and,  at  the  lower  end,  they  shall  be  furnished  with  an  anchor- 
plate,  not  less  than  i  in.  thick,  to  assure  good  anchorage  to  the  foundation  without  depending  on 
the  adhesion  between  the  concrete  and  the  steel. 

44.  The  concrete  foundation  shall  be  assumed  to  have  a  weight  of  140  lb.  per  cu.  ft.,  and 
shall  be  sufficient  in  quantity  to  take  the  uplift,  with  a  factor  of  safety  of  i}. 

A$.  Three-ply  frost-proof  casing  shall  be  provided,  if  necessary,  around  the  pipes  leading  to 
and  from  the  tank.  This  casing  shall  be  composed  of  two  layers  of  f  by  2J  in.  dressed  lumber, 
and  each  layer  shall  be  covered  with  tar  paper  or  tarred  felt,  and  one  outside  layer  of  }  by  2J  in. 
dressed  and  matched  flooring.  The  lumber  shall  be  in  lengths  of  about  12  ft.  There  shall  be  a 
I  in.  air  space  between  the  layers  of  lumber,  and  wooden  rings  or  separators  shall  be  nailed  to 
them  every  3  ft.  (In  very  cold  climates  it  is  good  practice  to  fill  the  space  between  the  pipes  and 
the  first  layer  of  lumber  with  hay  or  similar  matenal.)  The  frost  casing  may  be  square  or  cylin- 
drical; it  shall  be  braced  to  the  tower  with  adjustable  diagonal  bracing,  as  clescribed  for  pipes  in 
Section  41. 

46.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

47.  For  materials,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 

Part  II.    Design  of  Stand- Pipes. 

Definition.— I.  A  stand-pipe  is  a  tank,  generally  cylindrical,  used  for  the  storage  of  water, 
oil,  etc.  Its  height,  in  most  cases,  is  considerably  greater  than  its  diameter;  it  has  a  flat  bottom, 
and  rests  directly  on  its  foundation. 
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3.  Stand-pipes  are  economical  only  in  special  cases:  where  their  capacity  is  more  important 
tiian  pressure,  or  where  local  conditions  are  such  that  an  elevated  tank  is  not  required. 

3.  Stand-pipes  for  the  storage  of  oil  are  an  exception.  These  are  generally  of  very  large 
diameter,  while  the  height  may  not  exceed  40  ft. ;  they  are  usually  referred  to  as  tanks. 

4.  Stand-pipes  are  filled  and  emptied  through  pipes  connected  with  their  sides  or  bottom, 
and  are  provided  with  manholes  for  cleaning  purposes. 

5.  In  cold  climates  roofs  are  generally  omitted  on  stand-pipes  used  for  water  supply,  on 
account  of  the  formation  of  ice.  In  warmer  cliniates  there  may  be  roofs  in  ohier  to  prevent  the 
water  from  becoming  a  breeding  place  for  mosquitos,  flies,  etc.  Stand-pipes  used  for  the  storage 
of  oil  or  other  fluids  from  which  rain-water  is  to  be  excluded  should  always  be  roofed. 

Loads.— 6.  The  dead  load  shall  consist  of  the  weight  of  structural  and  ornamental  steel  work, 
and  the  roof  construction,  if  anv. 

7.  The  live  load  shall  be  the  contents  of  the  stand-pipe,  the  movable  load  on  the  eventual 
roof,  and  the  wind  pressure. 

8.  The  eventual  live  load  on  the  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200  lb.  con- 
centrated load  applied  at  any  point. 

9.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.  acting  in  any  direction.  The 
surfaces  of  cvlindrical  stand-pipes  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the 
diameter  multiplied  by  the  height. 

10.  The  eventual  live  load  on  the  roof,  if  the  stand-pipe  is  roofed,  shall  not  be  considered  as 
acting  together  with  the  wind  pressure. 

Stresses. — 11.  All  parts  of  the  structure  shall  be  porportioned  so  that  the  sum  of  the  dead 
and  live  load  stresses  shall  not  exceed  the  stresses  given  in  Table  III. 

TABLE  TIL 

Tension  in  plates  forming  sides  or  bottom  of  stand-pipes 12,000  lb.  per  sq.  in.  of  net  area. 

Tension  in  roof  construction 16,000  lb.  per  sq.  in.  of  net  area. 

Compression  in  roof  construction 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  in  roof,  etc 12,000  lb.  per  sq.  in. 

Shear  on  field  rivets  (in  stand-pipe  plates)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in. 

Bearing  pressure  on  shop  rivets 24,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (in  stand-pipe  plates) 18,000  lb.  per  sq.  in. 

12.  For  compression  members  in  the  roof  construction,  the  permissible  unit  stress  of  16,000 
lb.  shall  be  reduced  by  the  formula: 

p  =  16,000  —  70  //f, 

\where  p  »  permissible  working  stress  in  compression,  in  lb.  per  sq.  in. ; 

/  —  length  of  member,  from  center  to  center  of  connections,  in  inches; 

r  ««  least  radius  of  gyration  of  section,  in  inches.     The  ratio,  //r,  shall  never  exceed  180. 

13.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  combined 
dead  and  live  loads. 

14.  The  average  permissible  pressures  on  masonry  shall  be  as  given  in  Table  II,  Part  I. 
Details  of  Construction. — 15.  The  plates  forming  the  sides  of  the  stand-pipe  shall  be  of 

different  diameters,  so  that  the  courses  snail  lap  over  each  other,  inside  and  outside,  alternately. 

16.  The  joints  for  the  horizontal  seams  in  the  sides,  and  for  the  bottom  plates,  shall  pre- 
ferably be  lap  joints. 

17.  For  further  information  regarding  riveted  joints,  etc.,  see  Part  I,  Sections  16.  17,  18, 
and  19. 

18.  The  minimum  thickness  of  the  plates  forming  the  sides  shall  be  }  in.  and  A  in.  for  the 
bottom  plates,  except  for  oil  tanks  on  a  sand  foundation.  The  bottom  plates  for  ordinary  stand- 
pipes  shall  be  provided  with  tapped  holes,  ij  in.  in  diameter,  with  screw  plues,  spaced  at  about 
4  ft.  centers,  to  permit  of  filling  with  cement  grout  on  top  of  the  foundation  of  the  masonry  while 
the  bottom  part  is  being  erected,  in  order  to  secure  proper  bearing. 

19.  Oil  tanks  of  large  diameter  are  generally  set  directly  on  a  sand  foundation,  and  do  not 
need  any  holes  in  the  bottom  plates  for  filling  beneath  with  cement  grout.  In  such  cases,  J  in. 
bottom  plates  will  be  sufficient. 

20.  The  bottom  plates  shall  be  connected  with  the  sides  by  an  angle  iron  riveted  inside  the 
stand-pipe.  This  angle  iron  shall  be  bevel  sheared  for  cai^king  along  both  legs.  For  the  caulking 
of  plates,  see  Part  I,  5>ections  22  and  23. 

21.  On  the  side  and  near  the  bottom  there  shall  be  a  12  by  18  in.  manhole  of  elliptical  shape. 
In  the  same  manner,  or  on  the  bottom  plates,  flanges  shall  be  provided  for  the  connection  of 
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inlet  and  outlet  pipes  of  the  sizes  specified  by  the  owner.     All  openings  in  stand-pipes  shall  be 
properly  reinforced  by  forged  rings  or  plates. 

.22.  For  stiffening  angles,  etc.,  see  Part  I,  Sections  32  and  33. 

23.  In  cases  where  a  roof  is  used  see  Section  5;  Sections  34,  35,  and  36  of  Part  I  should  also 
be  followed. 

24.  There  shall  be  an  outside  ladder,  i  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above 
the  foundation  to  the  top  of  the  stand-pipe.  The  ladder  shall  be  made  of  two  2)  by  }  in.  bars  with 
}  in.  round  rungs  i  ft.  apart.  An  inside  ladder  will  not  be  required.  (In  no  case  should  inside 
ladders  be  provided  on  stand-pipes  in  climates  where  ice  will  form.  Owners  of  oil  tanks  often 
specify  stairways  to  take  the  place  of  ladders.)  All  ladders  shall  be  able  to  sustain  a  concentrated 
load  of  at  least  800  lb. 

25.  Large  stand-pipes  for  oil  storage,  the  heights  of  which  are  very  small  compared  with 
their  diameter,  will  generally  be  set  directly  on  a  sand  foundation,  and  will  not  need  any  anchorage 
whatever,  as  the  overturning  moment  is  very  small  in  comparison  with  the  resisting  moment. 

26.  Stand-pipes  of  the  ordinary  type,  for  water  storage,  shall  be  set  on  concrete  foundations, 
and  shall  be  anchored  thoroughly  thereto  with  anchor-bolts  not  less  than  1}  in.  in  diameter, 
set  deep  enough  to  take  the  necessary  uplift,  and  provided  with  an  anchor  plate  not  less  than  J  in. 
thick  in  the  masonry.  All  anchor  bolts  shall  be  connected  directly  to  the  sides  of  the  stand-pipe 
with  bent  plates  or  similar  details.  The  unit  stress  in  anchor-bolts  shall  not  exceed  15,000  lb. 
per  sq.  in.  of  net  area.     See  Part  I,  Section  43. 

27.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

28.  For  materials,  workmanship,  inspection,  painting,  and  testing,  see  Part  III;  for  founda- 
tions, see  Part  IV. 

Part  III.    Materials,  Workmanship,  Inspection,  Painting,  and  Testing. 

Structural  SteeL — i.  The  steel  shall  be  made  by  the  open-hearth  process. 
2.  The  chemical  and  physical  properties  shall  conform  to  the  following  limits: 


Elementa  OKuidered. 

Structural  Steel. 

Rivet  Steel. 

-fc-       -                   .           f  Basic 

0.Q4  per  cent 
0.06   «      " 
0.05    "      " 

0.04  per  cent 
0.04   "      " 
0.04   "      " 

Phosphorus,  maximum  <  .  .  j 

Sulohur.  maxirnuni .  , , , ,  -  -  - , , 

Ultimate  tensile  strength,  in  pounds  per  square  inch 

FUonffstinn*  minimunn  nercentaffc  in  8  in    Fiff.  I 

Desired 
60,000 
1,500,000 

Desired 
50,000 
1,500,000 

Flooffation:  minimum  oercentaire  in  2  in t  Fii?-  2. ......  t 

Ultimate  tensile 

strength 

22 

Silky 

i8o*»  flat 

Ultimate  tensile 
strength 

Silky 
180°  flat 

Character  of  fracture 

Cold  bends  without  fracture 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

3.  If  the  ultimate  strength  varies  more  than  4,000  lb.  from  that  desired,  a  re-test  shall  be 
made  on  the  same  gage,  which  to  be  acceptable,  shall  be  within  5,000  lb.  of  the  desired  ultimate. 

4.  Chemical  determination  of  the  percentages  of  carbon,  phosphorus,  sulphur,  and  manganese 
shall  be  made  by*  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each 
melt  of  steel,  anci  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
Check  analyses  shall  be  made  from  finished  material,  if  called  for  by  the  purchaser,  in  which  case 
an  excess  of  25  per  cent  above  the  required  limits  will  be  allowed. 

5.  Specimens  for  tensile  and  bending  tests,  for  plates,  shapes,  and  bars,  shall  be  made  by 
cutting  coupons  from  the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  i;  or  with  edges  parallel;  or  they  may  be  turned  to  a  diameter 
of  i  in.  for  a  length  of  at  least  9  in.  with  enlarged  ends. 

6.  Rivet  rods  shall  be  tested  as  rolled. 

7.  Specimens  shall  be  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner  that  the 
center  of  the  specimen  shall  be  i  in.  from  the  surface  of  the  bar.  The  specimen  for  the  tensile 
test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  the  bending  test  shall  be  i  in. 
by  I  in.  in  section. 

8.  Material  which  is  to  be  used  without  annealing  or  further  treatment  shall  be  tested  in  the 
condition  in  which  it  comes  from  the  rolls.     When  material  is  to  be  annealed,  or  otherwise  treated 
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before  use,  the  specimens  for  tensile  test  representing  such  material  shall  be  cut  from  properly 
annealed  or  similarly  treated  short  lengths  of  the  full  section  of  the  bar. 

9.  At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt  of  steel  as  rolled. 
In  case  steel  differing  f  in.  and  more  in  thickness  is  rolled  from  one  melt  a  test  shall  be  made 
from  the  thickest  and  thinnest  material  rolled. 

Not  less  than  9* 


Uv«  I 


J 


<-L 


Ml 


V 


^^l^lVEtc: 


At^ut  a' 


— I 


About  i8^- 

Fig.  I. 


Fig.  2. 


10.  For  material  less  than  A  in.  and  more  than  }  in.  in  thickness,  the  following  modifications 
will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  i^  in.  in  thickness  below  ts  in»  a  deduction  of  2J  from  the  specified  percentage 
will  be  allowed. 

(b)  For  each  J  in.'  in  thickness  above  }  in.,  a  deduction  of  i  from  the  specified  percentage 
will  be  allowed. 

11.  Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes,  and  bars  less 
than  I  in.  thick  shall  bend  as  called  for  in  Section  2. 

12.  Angles  i  in.  and  less  in  thickness  shall  open  flat,  and  angles  i  in.  and  less  in  thickness 
shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

13.  Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter  as  the  rivet  rod, 
shall  give  a  p^dual  break  and  a  fine,  silky,  uniform  fracture. 

14.  Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective  edges,  or 
other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width  and  less 
shall  have  rolled  edges. 

15.  Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of  the'manufacturer 
stamped  or  rolled  upon  it.  Steel  for  pins  shall  be  stamped  on  the  end.  Rivet  and  lattice  steel 
and  other  small  parts  may  be  bundled,  with  the  above  marks  on  an  attached  metal  tag. 

16.  Material  which,  subsequent  to  the  foregoing  tests  at  the  mills,  and  its  acceptance  there, 
develops  weak  spots,  brittleness,  cracks,  or  other  imperfections,  or  is  found  to  have  injurious 
defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

17.  A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of  more  than  2 J  per  cent  from 
that  specified  will  be  sufficient  cause  for  rejection,  except  in  cases  of  sheared  plates,  which  will  be 
covered  by  the  following  permissible  variations,  which  are  to  apply  to  single  plates: 

Plates  weighing  I2f  lb.  per  sq.  ft.  or  more: 

(a)  Up  to  100  in.  wide,  2 J  per  cent  above  or  below  the  prescribed  weight; 

(b)  100  in.  wide  or  more,  5  per  cent  above  or  below. 
Plates  weighing  less  than  12 J  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2 J  per  cent  above  or  below; 

(b)  75  in.,  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per  cent  below; 

(c)  100  in.  wide  or  more,  10  f)er  cent  above  or  3  per  cent  below. 

18.  Plates  will  be  accepted  if  their  thickness  is  not  more  than  o.oi  in.  less  than  that  ordered. 

19.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  Table  IV,  i  cu.  in.  of  rolled  steel  being 
assumed  to  weigh  0.2833  lb. 

Cast  Iron. — 20.  Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough,  gray 
iron,  with  not  more  than  o.io  per  cent  of  sulphur.  They  shall  be  true  to  patterns,  out  of  wind, 
and  free  from  flaws  and  excessive  shrinkage.     If  tests  are  demanded,  they  shall  be  made  on  the 
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TABLE  IV. 


Thickness,  in 
Inches. 

Nominal  Weight  in 

Pounds  per  Square 

Foot. 

Width  of  Plates. 

Up  to  75  In. 

75  In.  and  up  to 
100  In. 

100  in.  and  up  to 
X15  In. 

1 

More  than  | 

I0.20 
12.75 

15.3 
17.85 

20.4 

22.95 

255 

•   •   •    • 

10  per  cent 
8   "      " 

14  per  cent 
12   "      " 
10  "      « 
8   "      " 

4: ' 

6  "     " 
S  "     " 

18  per  cent 
16   "      " 

8   «      « 
6J  "     " 

"Arbitration  Bar'*  of  the  American  Society  for  Testing  Materials,  which  is  round  bar,  ij  in.  in 
diameter  and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  12  in.  with 
the  load  at  the  middle.  The  minimum  breaking  load  thus  applied  shall  be  2,900  lb.,  with  a 
deflection  of  at  least  iV  i".  before  rupture. 

Workmanship,  Inspectiony  and  Painting. — 21.  All  parts  forming  the  structure  shall  be  built 
in  accordance  with  approved  drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best 
in  modem  shop  practice. 

22.  All  material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  which  will  not 
injure  it,  before  being  laid  off  or  worked  in  any  way. 

23.  The  shearing  shall  be  done  neatly  and  accurately,  and  all  portions  of  the  work  exposed 
to  view  shall  have  a  neat  and  uniform  appearance. 

24.  The  size  of  each  rivet,  called  for  by  the  plans,  shall  be  understood  to  mean  the  actual 
size  of  the  cold  rivet  before  it  is  heated. 

25.  All  plates  and  shapes  shall  be  shaped  to  the  proper  curve  by  cold  rolling;  heating  or 
hanmiering  for  straightening  or  curving  will  not  be  allowed. 

26.  Plates  to  be  scarfed  may  be  heated  to  a  cherry-red  color,  but  not  hot  enough  to  ignite  a 
piece  of  drv  wood  when  applied  to  it.     Most  careful  attention  shall  be  paid  to  all  scarfing. 

27.  All  plates  or  shapes  shall  be  punched  before  being  bevel-sheared  or  planed  for  caulking. 

28.  All  screw  threads  shall  make  tight  fits  in  the  nuts  and  tumbuckles,  and  shall  be  United 
States  Standard,  except  for  diameters  j^reater  than  1}  in.,  when  they  shall  have  six  threads  per 
inch.    The  dimensions  of  screws  of  vanous  sizes  shall  be  as  follows: 

Diameter  of  screw  ends i  in.     iJ  in.     i  J  in.     i|  and  greater 

Number  of  threads  per  inch 8  7  7  6 

The  minimum  excess  at  the  root  of  the  thread  over  the  body  of  the  bar  shall  be  15  per  cent. 

The  shape  of  the  thread  shall  be  U.  S.  Standard. 

TABLE  V. 
Standard  Upsets  for  Round  and  Squarb  Bars. 


Round  Bars. 


Bar. 


Diameter,  in  Inches. 


i| 


II 


Upset. 


Diameter,  in  Inches. 

I 

ij 
Ij 
II 

l{ 
l\ 

I1 


Square  Bars. 


Bar. 


Side,  in  Inches. 


,1 


1} 


Upset. 


Diameter,  in  Inches. 


II 
II 
Ij 

ll 


II 

2 
2 
2 


I 


26 
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29.  The  diameter  of  the  die  used  in  punching^  rivet  holes  shall  not  exceed  that  of  the  punch 
by  more  than  A  in.    All  rivet  holes  shall  be  punched,  except  as  stated  in  Part  I,  Section  19. 

30.  All  punched  and  reamed  bolts  shall  be  clean  cuts,  without  torn  or  ragged  edges.  The 
burrs  on  all  reamed  holes  shall  be  removed  by  a  tool,  countersinking  not  more  than  -fg  in.  Any 
parts  of  the  structure  in  which  difficulties  may  arise  in  field  riveting,  shall  be  assembled  in  the 
shop  and  marked  properly  before  shipment. 

31.  Rivet  holes  shall  be  accurately  spaced;  eccentrically  located  rivet  holes,  if  not  sufficient 
to  cause  rejection  shall  be  corrected  by  reaming,  and  rivets  of  larger  size  shall  be  used  in  the 
holes  thus  reamed. 

32.  The  use  of  drift-pins  will  be  allowed  onlv  for  bringing  together  several  parts  forming 
part  of  the  structure;  force  will  not  be  allowed  to  be  used  in  drifting  under  any  circumstances. 

33.  The  use  of  sledges  in  driving  or  hammering  any  part  of  the  structure  will  not  be  allowed. 
Care  shall  be  taken  to  prevent  material  from  falling,  or  from  being  in  any  way  subjected  to  heavy 
shocks. 

34.  Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall 
be  used  in  preference  to  hand-driving.    All  rivet  heads  shall  be  concentric  with  the  holes. 

35.  All  caulking  shall  be  done  with  a  round-nosed  tool,  and  only  by  experienced  and  skilled 
men.  Caulking  around  rivet  heads  will  not  be  allowed.  All  leaky  rivets  shall  be  cut  out  and 
replaced  with  new  ones.    All  fractured  material  shall  be  replaced  free  of  cost  to  the  owner. 

^6.  If  the  owner  furnishes  an  inspector,  he  shall  have  full  access,  at  all  times  to  all  parts  of 
the  shop  where  material  under  his  inspection  is  being  manufactured. 

37.  The  inspector  shall  stamp  with  a  private  mark  each  piece  accepted.  Any  piece  not  thus 
marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  these 
speciftcations,  this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  owner. 

Painting  and  Testing. — 38.  Before  leaving  the  shop,  all  steel  work  excepting  the  laps  in 
contact  on  the  tank  work,  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  oil.  All 
parts  which  will  be  inaccessible  after  erection  shall  be  well  painted,  except  as  stated  before. 

39.  After  the  structure  is  erected  and  all  seams  have  been  caulked,  it  shall  be  tested  for 
water-tightness,  and  leaky  places  shall  be  caulked  or  marked.  The  water  shall  then  be  dis- 
charged and  the  leaky  seams  shall  be  caulked.  Leaky  rivets  shall  be  treated  as  per  Section  35. 
After  the  structure  has  been  standing  empty  for  3  days  it  shall  be  retested,  and  then,  if  all  joints 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside  of  the  tank  or 
stand-pipe.  Painting  in  the  open  air  shall  never  be  done  in  wet  or  freezing  weather.  The  owner 
will  select  the  color  of  the  final  coat  of  paint. 

40.  The  contractor  shall  guarantee  the  tightness  of  the  tank,  or  stand-pipe,  against  leakage, 
when  filled  with  the  liquid  it  is  designed  to  contain. 

Part  IV.    Foundations  for  Elevated  Tanks  on  Towers,  and  for  Stand-Pipbs. 

1.  The  average  permissible  pressure  on  the  soil  is  as  follows: 

Soft  clay I  ton  per  sq.  ft. 

Ordinary  clay 2  tons  per  sq.  ft. 

Dry  sand  and  dry  clay .3  tons  per  sq.  ft. 

Hard  clay 4  tons  per  sq.  ft. 

Gravel  and  coarse  sand 6  tons  per  sq.  ft. 

2.  In  all  cases  a  thorough  investigation  of  the  ground  and  the  site  shall  be  made  before 
proceeding  with  the  foundations. 

3.  All  foundations  shall  be  carried  below  the  frost  line,  and  the  anchor-bolts  shall  be  placed 
deep  enough  to  develop  their  full  strength. 

4.  In  foundations  for  towers  with  inclined  legs  supporting  elevated  tanks  care  shall  be  taken 
that  the  piers  are  constructed  in  such  a  manner,  that  the  resultant  of  the  vertical  and  horizontal 
forces,  due  to  direct  loads,  passes  through  the  center  of  gravity  of  the  pie^. 

5.  Foundations,  in  general,  shall  be  of  concrete  composed  of  i  part  Pprtland  cement,  3  parts 
sand,  and  5  parts  crushed  stone  or  gravel.  In  special  cases,  where  part  of  the  foundation  is 
under  water,  the  concrete  shall  be  a  i  12:4  mixture. 

Note. — For  specifications  for  mixing  and  placing  the  concrete  in  the  foundations,  see  Chap- 
ter V. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  WATER  AND  OIL  TANKS.* 

1.  Scope  of  Specifications. — ^These  specifications  are  intended  for  steel  tanks  requiring  plates 
not  more  than  f  in.  thick. 

2.  Qoali^  of  MetaL — ^The  metal  in  these  tanks  shall  be  open-hearth  steel.  The  steel  shall 
conform  in  physical  and  chemical  properties  to  the  specifications  of  this  Association  for  steel 
bridges. 

3.  Loading. — ^The  weight  of  water  shall  be  assumed  to  be  63  lb.,  crude  oil  56  lb.,  and  creosote 
oil  66  lb.  per  cu.  ft.  Wind  pressure,  acting  in  any  direction,  shall  be  assumed  to  be,  in  pounds, 
30  times  the  product  of  the  height  by  two-thirds  of  the  diameter  of  the  tank  in  feet. 

A.  Vtdt  Stresses. — Unit  stresses  shall  not  exceed  the  following: 
la)  Tension  in  plates,  15,000  lb.  per  sg.  in.  on  net  section. 

(b)  Shear  in  plates,  12,000  lb.  per  sq.  m.  on  net  section. 

(c)  Shear  on  rivets,  12,000  lb.  per  sq.  in.  on  net  section. 

(d)  Bearing  pressure  on  field  rivets,  20,000  lb.  per  sq.  in. 

5.  Cylindrical  Rings. — Plates  forming  the  shell  of  the  tank  shall  be  cylindrical  ancf  Oi  aifferent 
diameters,  in  and  out,  from  course  to  course. 

6.  Workmanship. — All  workmanship  shall  be  first-class.  All  plates  shall  be  beveled  on  all 
edges  for  caulking  after  being  punched.  The  punching  shall  be  from  the  surface  to  be  in  contact. 
The  plates  shall  be  formed  cold  to  exact  form  after  punching  and  beveling.  All  rivet  holes  shall 
be  accurately  spaced.  Drift  pins  shall  be  used  only  for  bringing  the  parts  together.  They  shall 
not  be  driven  with  enough  force  to  deform  the  metal  about  the  holes.  Power  riveting  and  caulking 
should  be  used.  A  heavy  yoke  or  pneumatic  bucker  shall  be  used  for  power  driven  nvets.  Rivet- 
ing shall  draw  the  joints  to  full  and  tight  bearing. 

7.  CauUdng. — ^The  tank  shall  be  made  water  or  oil  tight  by  caulking  only.  No  foreign 
substance  shall  be  used  in  the  joints.  For  water  tanks,  the  caulking  shall  preferably  be  done 
on  the  inside  of  tank  and  joint  only;  but  for  oil  tanks  the  caulking  should  be  done  on  both  sides. 
No  form  of  caulkixig  tool  or  work  that  injures  the  abutting  plate  shall  be  used. 

8.  Minimum  Thickness  of  Plates. — ^The  minimum  thickness  of  plates  in  the  cylindrical 
part  of  the  tank  shall  not  be  less  than  \  in.  and  in  flat  bottoms  not  less  than  1^  in.  In  curved 
bottoms  the  thickness  of  plate  shall  be  not  less  than  that  of  the  lower  plate  in  the  cylindrical  part. 

9.  Horizontal  and  Radial  Joints. — Lap  joints  shall  generally  be  used  for  horizontal  seams 
and  splices  and  for  radial  seams  in  curved  bottoms. 

10.  Vertical  Joints. — For  vertical  seams  and  splices,  lap  joints  shall  be  used  with  plates  not 
more  than  |  in.  thick.  With  thicker  plates,  double  butt  joints  with  inside  and  outside  straps; 
shall  generally  be  used.  The  edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and 
vertical  lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

11.  Rivets,  Rivet  Holes,  Punching  and  Pitch.— For  plates  not  more  than  |  in.  thick,  |  in. 
rivets  shall  be  used.  For  thicker  plates,  1  in.  rivets  shall  be  used.  The  diameter  of  rivet  holes 
shall  be  A  in.  larger  than  the  diameter  ot  the  rivets  used.  The  punching  shall  conform  to  the 
specifications  of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with  due  regard 
for  thickness  of  plate  and  balanced  stress  between  tension  on  plates  and  shear  on  rivets,  is  desirable 
for  caulking. 

12.  Tank  Snpport — If  the  tank  is  supported  on  a  steel  substructure,  the  latter  shall  con- 
form to  the  specifications  of  this  Association  for  the  manufacture  and  erection  of  steel  bridges, 
except  that  allowance  shall  be  made  for  wind  pressure,  but  not  for  impact. 

13.  Painting. — In  the  shop  the  metal  shall  be  cleaned  of  dirt,  rust  and  scale  and,  except  the 
surfaces  to  be  in  contact  in  the  joints  of  the  tank,  shall  be  given  a  shop  coat  of  paint  or  metal 
preservative  selected  and  applied  as  specified  by  the  company. 

After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust  and  scale,  all  exposed  metal 
work  shall  be  painted  or  treated  with  such  coat  or  coats  of  paint  or  metal  preservative  as  shall 
be  selected  by  the  railway  company. 

14.  Plans  and  Specifications. — Under  these  specifications  and  in  conformity  thereto  the 
railway  company  shall  cause  to  be  prepared  or  shall  approve  detailed  plans  and  specifications  for 
such  tanks,  herein  specified,  as  it  shall  construct.  Such  plans  and  specifications  shall  cover  all 
necessaryr  tank  auxiliaries. 

REFBRBNCBS.  Hazlehurst's  "  Towers  and  Tanks  for  Waterworks,"  second  edition,  1904, 
published  by  John  Wiley  8c  Sons,  covers  the  design  and  construction  of  steel  stand-pipes  and  steel 
elevated  tanks  on  steel  towers,  and  supplements  the  data  and  discussion  in  this  chapter.  Con- 
siderable data  on  the  design  and  construction  of  stand-pipes  and  elevated  tanks  on  towers  for 
railway  service  are  given  in  the  annual  reports  of  the  proceedings  of  the  American  Railway  En- 
gineenng  Association,  particular  reference  is  made  to  volume  11,  part  2;  volume  12,  part  3,  and 
volume  13. 

*  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912. 


1 


r 


CHAPTER  XII. 
Structural  Drafting. 

Plans  for  Structures. 

Introduction.-'— The  plans  for  a  structure  must  contain  all  the  information  necessary  for  the 
design  of  the  structure,  for  ordering  the  material,  for  fabricating  the  structure  in  the  shop,  for 
erecting  the  structure,  and  for  making  a  complete  estimate  of  the  material  used  in  the  structure. 
Every  complete  set  of  plans  for  a  structure  must  contain  the  following  information,  in  so  far  as 
the  different  items  apply  to  the  particular  structure. 

In  writing  this  chapter  the  instructions  of  many  bridge  companies  have  been  consulted; 
special  credit  being  due  the  instructions  prepared  by  the  American  Bridge  Company,  the  Penn- 
sylvania Steel  Company,  and  the  McClintic-Marshall  Construction  Company. 

1.  General  Plan. — ^This  will  include  a  profile  of  the  ground;  location  of  the  structure;  ele- 
vations of  ruling  points  in  the  structure;  clearances;  grades;  (for  a  bridge)  direction  of  flow,  high 
water,  and  low  water;  and  all  other  data  necessary  for  designing  the  substructure  and  super- 
structure. 

2.  Stress  Diagrsm. — ^This  will  give  the  main  dimensions  of  the  structure,  the  loading,  stresses 
in  all  members  for  the  dead  loads,  live  loads,  wind  loads,  etc.,  itemized  separately;  the  total 
maximum  stresses  and  minimum  stresses;  sizes  of  members;  typical  sections  of  all  built  members 
showing  arrangement  of  material,  and  all  information  necessary  for  the  detailing  of  the  various 
parts  of  the  structure. 

3.  Shop  Drawings. — ^Shop  detail  drawings  should  be  made  for  all  steel  and  iron  work  and 
detail  drawings  of  all  timber,  masonry  and  concrete  work. 

4.  Foundation  or  Masonry  Plan. — The  foundation  or  masonry  plan  should  contain  detail 
drawings  of  all  foundations,  walls,  piers,  etc.,  that  support  the  structure.  The  plans  should 
show  the  loads  on  the  foundations;  the  depths  of  footings;  the  spacing  of  piles  where  used;  the 
proportions  for  the  concrete;  the  quality  of  masonry  and  mortar;  the  allowable  bearing  on  the 
soil;  and  all  data  necessary  for  accurately  locating  and  constructing  the  foundations. 

5.  "Bxtetion  Diagram. — ^The  erection  diagram  should  show  the  relative  location  of  every  part 
of  the  structure;  shipping  marks  for  the  various  members;  all  main  dimensions;  number  of  pieces 
in  a  member;  packing  of  pins;  size  and  grip  of  pins,  and  any  special  feature  or  information  that 
may  assist  the  erector  in  the  field.  The  approximate  weight  of  heavy  pieces  will  materially  assist 
the  erector  in  designing  his  falsework  and  derricks. 

6.  Falsework  Plans. — For  ordinary  structures  it  is  not  common  to  prepare  falsework  plans 
in  the  office,  this  important  detail  being  left  to  the  erector  in  the  field.  For  difficult  or  important 
work  erection  plans  should  be  worked  out  in  the  office,  and  should  show  in  detail  all  members  and 
connections  of  the  falsework,  and  also  give  instructions  for  the  successive  steps  in  carrying  out 
the  work.  Falsework  plans  are  especially  important  for  concrete  and  masonry  arches  and  other 
concrete  structures,  and  for  forms  for  all  walls,  piers,  etc.  Detail  plans  of  travelers,  derricks, 
etc,  should  also  be  furnished  the  erector. 

7.  Bins  of  MateriaL — Complete  bills  of  material  showing  the  different  parts  of  the  structure 
with  its  mark,  and  the  shipping  weight  should  be  prepared.  This  is  necessary  in  checking  up 
the  material  to  see  that  it  has  all  been  shipped  or  received,  and  to  check  the  shipping  weight. 

8.  RiTet  List — ^The  rivet  list  should  show  the  dimensions  and  number  of  all  field  rivets, 
field  bolts,  spikes,  etc.,  used  in  the  erection  of  the  structure. 

9.  list  of  Drawings. — ^A  list  should  be  made  showing  the  contents  of  all  drawings  belonging 
to  the  structure. 
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Structural  Drawings. 


METHODS. — The  drawings  for  structural  eteel  work  differ  from  the  drawings  for  machinery 
in  that  (a)  two  scales  are  used,  one  for  the  len^h  of  the  member  or  the  skeleton  of  the  structure, 
and  one  for  the  details;  (b)  members  are  commonly  ehovrn  by  one  projection;  and  (c)  the  drawings 
are  not  to  exact  scale,  alt  distances  beii^  governed  by  figures. 

Two  methods  are  used  in  makii^  shop  drawings. 

.1  <    .H-'lftl-'' 


Fig.  I.    Truss  Joint,  Completely  Detailed. 

(i)  The  first  metho<l  is  to  make  the  drawings  so  complete  that  the  templets  can  be  mule 
for  each  individual  piece  on  the  bench.  This  method  is  used  for  all  large  trusses  and  member^ 
and  where  there  is  aot  room  to  lay  the  member  out  on  the  templet  shop  floor.  The  details  for  the 
joint  o[  a  Fink  roof  truss  completely  detailed  are  shown  in  Fig.  i.  A  joint  of  a  roof  truss  of  tbe 
locomotive  shop  of  the  A.  T.  &  S,  F.  Ry.,  at  Topeka,  Kansas,  is  completely  detailed  in  Fig.  a. 

(2)  The  second  method  is  to  give  on  the  drawings  only  sufficient  dimenaons  to  locate  the 
position  of  each  member,  the  number  of  rivets,  and  the  siics  of  members,  leaving  the  details  to 
be  worked  out  by  the  templet  maker  on  the  layiag-out  fioof.  Sufficient  data  should  be  given 
to  definitely  locate  the  main  laying-out  points.  The  interior  pieces  should  be  located  by  center 
lines  corresponding  to  the  gage  lines  of  the  angles,  or  center  line  of  the  piece,  as  the  case  may  be. 
The  rivet  spacing  should  be  given  complete  for  members  detailed  on  difTerent  sheets,  or  where 
it  is  necessary  to  obtain  a  required  clearance,  and  other  places  where  it  will  materially  asmst  the 
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templet  maker.  The  drawings  ahould  indicate  the  number  and  arrangement  of  the  rivets  in  each 
connection,  aa  well  as  the  maximum,  the  usual  and  the  minimum  rivet  pitch  allowed.  Sketch 
details  oT  the  joint  which  was  completely  detailed  in  Fig.  I  are  shown  in  Fig.  3,  and  the  outline 
details  of  a  roof  trusa  by  the  second  method  are  shown  in  Fig.  4. 


Fio.  2.    Joint  o?  Roof  Truss  Completely  Detailed. 
(Se::tion  of  Shop  Details  cf  Roof  Truss.) 

Members  may  be  detailed  in  the  position  which  they  are  to  occupy,  or  they  may  be  detailed 
separately.  For  riveted  trusses  and  riveted  members  the  entire  truss  or  member  should  be 
detailed  in  pomtion.  The  detail  shop  plans  for  a  riveted  brace  are  shown  in  Fig.  5.  The  field 
rivets  are  shown  by  black  and  the  shop  rivets  by  open  circles.  The  center  lines  arc  indicated  by 
dotted  lines.  Light  full  black  lines  are  commonly  used  for  dimension  lines,  while  red  dimension 
lines  are  sometimes  used  but  do  not  make  as  good  blue  prints  as  black  lines. 

RULES  FOR  SHOP  DRAWINGS.— The  following  rules  are  essentially  those  in  use  by 
the  best  bridge  and  structural  shops. 

Size  of  Sheet — The  standard  size  of  sheet  shall  be  34  X  36  in.  with  two  border  lines  i  and  i  in. 
from  the  edge  respectively,  see  Fig.  6.    Sheets  18  X  24  in.  with  two  border  lines  i  and  I  in. 
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from  the  edge  respectively,  may  also  be  uaed.    For  beam  sheeU,  bills  of  material,  etc.,  use  letter 
rise  sheets  Sj  X  tt  in. 

Title. — The  title  shall  be  arranged  uniformly  for  each  contract  and  shall  be  placed  in  the 
lower  light  hand  corner.  The  title  shall  contain  the  name  of  the  job,  the  description  of  the 
detailB  on  the  sheet,  the  number  of  the  sheet,  spaces  for  approval  and  other  information  as  shown 

Scale. — The  scale  of  the  lengths  of  the  members  or  skeleton  of  the  structure  shall  be  1,  or  ), 
or  }  in.  to  I  ft.,  depending  upon  the  available  space  and  the  complexity  of  the  member  or  structure. 
Shop  details  shall  as  a  rule  be  made  J  or  i  in.  to  i  ft.  For  small  details  i}  and  3  in.  to  i  ft.  may 
be  used;  while  for  large  plate  girders  }  or  |  in.  to  t  ft.  may  be  used. 

Views  Shown. — Drawings  shall  be  neatly  and  carefully  made  to  scale.  Members  shall  be 
detailed  in  the  position  which  they  will  occupy  in  the  structure;  horizontal  members  being  shown 
lengthwise,  and  vertical  members  crosswise  on  the  sheet.     Inclined  members  (and  vertical  memben 


Fig.  3.    Truss  Joint,  Sketch  Detailed. 

when  necessary  on  account  of  space)  may  be  shown  lengthwise  on  the  sheet,  but  then  only  with 
the  lower  end  on  the  left.  Avoid  notes  as  far  as  pos«ble;  where  there  is  the  least  chance  for 
ambiguity,  make  another  view. 

In  truss  and  girder  spans,  draw  the  inside  view  of  the  far  truss,  left  hand  end.  Fig.  7.  The 
piece  thus  shown  will  be  the  right  hand,  and  need  not  be  marked  right.  In  cases  where  it  is 
necessary  to  show  the  left  hand  of  a  piece,  mark  "left-hand  shown"  alongside  the  shipping  mark. 

Show  all  elevations,  sections  and  views  in  their  proper  position,  looking  toward  the  member. 
Place  the  top  view  directly  above,  and  the  bottom  view  directly  below  the  elevation.  The  bottom 
view  should  always  conust  of  a  horizontal  section  as  seen  from  above. 

In  sectional  views,  the  web  (or  gusset  plate)  shall  always  be  blackened;  angles,  fillers,  etc., 
may  be  blackened  or  cross-hatched,  but  only  when  necessary  on  account  of  clearness.     In  a  plate 
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girder,  for  example,  it  is  not  necessary  to  blacken  or  cross-hatch  all  the  fillers  and  stiffeners  in  the 
bottom  view. 

Holes  for  field  connections  shall  always  be  blackened,  and  shall,  as  a  rule,  be  shown  in  all 
elevations  and  sectional  views.  Rivet  heads  shall  be  shown  only  where  necessary;  for  example, 
at  the  ends  of  members,  around  field  connections,  when  countersunk,  flattened,  etc.  In  detailing 
members  which  adjoin  or  connect  to  others  in  the  structure,  part  of  the  latter  shall  be  shown  in 
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dotted  lines,  or  in  red,  aufiiciently  to  indicate  the  clearance  required  or  the  nature  of  the  connection. 
Plain  building  work  is  exempted  from  this  rule. 

A  diagram  to  a  small  scale,  showing  the  relative  position  of  the  member  in  the  structure, 
shall  appear  on  every  sheet,  Fig.  8  and  Fig.  9.  The  members  detailed  on  the  sheet  shall  be  shown 
by  heavy  black  lines,  the  remainder  of  the  structure  in  tight  black  Unes.  Plain  building  work  is 
exempt  from  this  rule. 


CONVENTIONAL  SIGNS  FOR   RIVETS 


+ 

< 

-_-_-.- 

- 

0 

NearSiek 

a 

miblel 

FarSyt 

® 

(mwiibii) 

5em 
5!dts 

Heads 

0 

• 

NforSdt 

0 

tVhWe) 

Rtr-Ude 
ildfi 

® 

- 

NtarSldt 

0 

m^e) 

_ 

firr5ie/f 

0 

tH,iWs!blt} 

Beit* 

0 

Nrarildt 

0 

iWiiblf) 

FBr5!dc 

® 

tmi^^lbhi 

5eth 
5/dn 

0 

'  NeerSlde 

0 

(//tWf) 

Far5!de 

-J 

INBlViilbk) 
Bom 
5id«t 

- 

Fio.  10.    Conventional  Signs  for  Rivets. 

When  part  of  one  member  is  detailed  the  same  as  another  member,  figures  for  rivet  spactos 
need  not  be  repeated;  refer  to  previous  sheet  or  sheets,  bearing  in  mind  that  these  must  contain 
linal  information.  It  is  not  permissiblt  to  nfer  Co  a  sheet,  v/kich  in  turn  refers  to  another  sheet.  The 
section,  finished  length,  and  the  assembling  mark  for  each  member  shall  be  shown  on  every  sheet. 
Main  dimensions  which  are  necessary  for  checking,  such  as  c.  to  c.  distances,  story  heights,  etc., 
shall  be  repeated  from  sheet  to  sheet.  Holes  for  field  connections  must  always  be  located  inde- 
pendently, even  if  figured  in  connection  with  shop  rivets;  they  shall  be  repeated  from  sheet  to 
sheet  unless  they  are  standard,  in  which  case  they  shall  be  identified  by  a  mark  and  the  sheet 
given  on  which  they  are  detailed. 

The  quality  of  material,  workmanship,  size  of  rivets,  etc..  shall  be  specified  on  every  sheet  as 
far  as  it  refers  to  the  sheet  itself.     Standard  workmanship  need  not  be  specified  on  each  sheet. 

Lettering. — Engineering  News  lettering  as  developed  by  Reinhardt  in  his  book  on  fieehand 
lettering  shall  be  used  on  all  drawings.  Preferably  main  titles  and  sub-titles  shall  be  vertical 
and  the  remainder  of  the  lettering  inclined.  The  height  of  letters  shall  be  as  follows:  Main  titles- 
capitals  15/50  in.,  small  capitals  12/50  in.;  sub-titles — capitals,  full  height  lower  case  letters  and 
numerals  5/20  in.,  lower  case  letters  3/20  in. ;  other  lettering — capitals,  full  height  lower  case  letters 
and  numerals  5/30  in.,  lower  case  letters  3/30  in.  Where  the  drawing  is  crowded  the  body  trf  the 
letteringmay  be  5/40  in. and  3/40  in.  respectively.    The  following  pens  are  recommended:    Foe 
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titles  Leonardt  &  Co. 'a  Ball- Pointed  No.  516F;  for  all  other  lettering  Hunt  Pen  Co.'s  extra  fine  Shot 
Point,  No.  512.  No  pen  finer  than  Gillott's  No.  303  should  be  used.  Light  pencil  guide  lines 
shall  be  drawn  for  all  lettering.  All  tracings  shall  be  made  on  the  dull  side  of  the  tracing  cloth. 
Erasures  shall  be  made  with  soft  rubber  pencil  eraser  and  a  metal  shield.  Rubber  erasers  con- 
taining sand  destroy  the  surface  of  the  cloth  and  make  it  difficult  to  ink  over  the  erased  spot. 
The  use  of  knives  or  steel  erasers  will  not  be  permitted.  Tracings  shall  be  cleaned  with  a  very 
soft  rubber  eraser,  and  not  with  gasolene  or  benzine,  which  destroy  the  finish  of  the  tracing  cloth. 
All  lines  shall  preferably  be  made  with  black  India  ink;  full  lines  to  represent  members,  dash  and 
dot  to  represent  center  lines,  and  dotted  lines  (or  full  light  black  lines)  to  represent  dimension 
lines.  If  permitted  by  the  chief  draftsman  red  ink  may  be  used  for  dimension  and  center  lines. 
The  ends  of  dimension  lines  shall,  nbwever,  always  be  indicated  by  arrows  made  with  black 
ink. 

Conventioiial  Signs. — Conventional  signs  for  rivets  are  shown  in  Fig.  10.  Countersunk 
rivets  project  )  in.;  if  less  height  of  rivets  is  required,  drawings  shall  specify  that  they  are  to  be 
chipped,  or  the  maximum  projection  may  be  specified.  Flattened  heads  project  }  in.  to  -fs  in.; 
if  less  height  of  jjeads  is  required,  they  shall  be  countersunk.  Metals  in  section  shall  be  shown 
as  in  Fig.  11.    Standards  for  rivets  and  riveting  are  given  in  Part  II,  which  see. 

Marking  System. — A  shipping  mark  shall  be  given  to  each  member  in  the  structure,  and  no 
dissimilar  pieces  shall  have  the  same  mark.  The  marks  shall  consist  of  capital  letters  and  num- 
erals, or  numerals  only;  no  small  letters  shall  be  used  except  when  sub-marking  becomes  absolutely 
necessary.  The  letters  R  and  L  shall  be  used  only  to  designate  "right**  and  "left.'*  Never  use 
the  work  "marked**  in  abbreviated  form  in  front  of  the  letter,  for  example  say,  3  Floorbeams  G4, 
and  not,  3  Floorbeams,  Mk.  G4.  Whenever  a  structure  is  divided  up  into  different  contracts  care 
should  be  taken  not  to  duplicate  shipping  marks.     Pieces  which  are  to  be  shipped  bolted  on  a 
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member  shall  also  have  a  separate  mark,  in  order  to  identify  them  should  they  for  some  reason 
or  another  become  detached  from  the  main  member.  The  plans  shall  specify  which  pieces  are 
to  be  bolted  on  for  shipment,  and  the  necessary  bolts  shall  be  billed.  For  standard  marking 
system  for  a  truss  bridge,  see  Fig.  7. 

A  system  of  assembling  marks  shall  be  established  for  all  small  pieces  in  a  structure  which 
repeat  themselves  in  great  numbers.  These  marks  shall  consist  of  small  letters  and  numerals 
or  numerals  only;  no  capital  letters  shall  be  used;  avoid  prime  and  sub-marks,  such  as  Ma,  Pieces 
that  have  the  same  assembling  mark  must  be  alike  in  every  respect;  same  section,  length,  cutting 
and  punching,  etc. 

Shop  Bills. — ^Shop  bills  shall  be  written  on  special  forms  provided  for  the  purpose.  When 
the  bills  appear  on  the  drawings  as  well,  they  shall  either  be  placed  close  to  the  member  to  which 
they  belong  or  on  the  right  hand  side  of  the  sheet.  When  the  drawings  do  not  contain  any  shop 
bills,  these  shall  be  so  written  that  each  sheet  can  have  its  bill  attached  to  it  if  desired;  one  page  of 
shop  bills  shall  not  contain  bills  for  two  sheets  of  drawings.  In  large  structures  which  are  sub- 
divided into  shipments  of  suitable  size,  both  mill  and  shop  bills  must  be  written  separately  for 
each  shipment.  In  writing  the  shop  bill  bear  in  mind  that  it  shall  serve  as  a  guide  for  the  laying 
out  and  assembling  of  the  member,  besides  being  a  list  of  the  material  required.  For  this  reason 
members  which  are  radically  different  as  to  material  shall  not  be  bunched  in  the  same  shop  bill, 
neither  shall  pieces  which  have  different  marks  be  bunched  in  the  same  item,  even  if  the  material 
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is  the  same.  Bill  lint  the  itiAin  material  in  the  member,  and  follow  with  tb:  smaller  pieces,  b^in- 
ning  at  the  left  end  of  a  girder,  or  at  the  bottom  of  a  post  or  girder.  On  a  column  each  different 
bracket  shall  be  billed  complete  by  itself.  Do  not  bill  first  all  the  angles  and  then  all  the  flats; 
for  example  when  the  end  stiffeners  in  a  girder  are  billed,  the  fillers  beltMiging  to  them  shall  follow 
immediately  after  the  angles,  and  so  on. 

le-linished  surfaces  are  required,  the  drawing  and  the  shop  bill  shall  specify  the 
1  length  of  the  piece,  the  proper  allowance  for  shearing  and  planing  being  made 
When  the  metal  is  to  be  planed  as  to  thickness,  the  drawing  and  the  shop  bill 
theordered  andthehniBhed  thickneaa;  one  pi.  15  in.  X  }  in.  X  i  ft.  6 in.  (planed 

-A  "  Bill  of  Field  Rivets"  shall  be  made  Ar  each  structure.  The  "  Bill  of  Field 
:  in  order  the  number,  diameter,  grip,  length  and  the  location  of  the  rivets  in 
le  number  of  field  rivets  to  be  furnished  to  the  erector  shall  be  the  actual  number 
ind  length  required,  plus  15  per  cent,  plus  10. 

all  be  billed  on  "billof  rivets  and  bolts"  only.  Bill  them  umjlarly  to  field  rivets, 
ring  number  on  which  they  are  shown;  4 — bolts  ]  in.  X  3  in.  grip,  3  in.  U.  H. 
oorbeam  "F"  drawing  No.  13,  4  hex.  (or  4  square)  nuts  for  ahovc  bolts.  Bill 
f  field  rivets  shall  be  i»«pared  and  placed  in  the  shop  in  time  to  be  made  with 

B. — Full  information  regardii^  the  following  paints  shall  appear  on  the  drawings, 

as  "General  Notes."     Loading   Specifications   Material 

,  Open  Holes ,  Reaming  Requirements Other  Special 

,  Painting. 

u — Make  erection  plans  simultaneously  with  the  shop  plans,  and  keep  same  up 
:tion  plans  must  show  plainly  the  style  of  connections;  joints  in  pin  spans  are  to 
1y  to  a  larger  scale.  For  the  erection  plan  of  a  truss  bridge  see  Fig.  7.  Shipping 
number  of  pieces,  erection  mark,  and  weight  shall  be  made  for  each  shipment. 
— Every  contract  embracing  different  classes  of  work  shall  have  a  subdivi^on 
'hese  subdivisions  will  be  furnished  by  the  chief  draftsman.    Drawings,  shop  _ 

must  be  kept  separate  for  each  claaa, 

DER  BRIDGES.— General  Ruleo.— The  plate  girder  span  shall  be  laid  out 
e  location  of  web  splices,  slifFeners,  cover  plates,  and  in  a  through  span,  floor- 
ers, so  that  the  material  can  be  ordered  at  once.  Locate  splices  and  stiffeners 
eping  the  rivet  spacing  as  regular  as  possible;  put  small  fractions  at  the  end  of 
.,  to  which  cross-frames  or  fioorbeams  connect,  must  not  be  crimped,  but  shall 
>.  The  outstanding  leg  shall  not  be  less  than  4  in.,  gaged  3]  in. ;  this  will  enable 
orbeams  to  be  swung  into  place  without  spreading  the  girders.  The  second  pair 
!  end  of  girder  over  the  bed-plate  shall  be  placed  so  that  the  plate  will  project 
,  beyond  the  stiffeners. 

tvor  to  use  as  few  uzes  as  possible  for  stiffeners,  connection  plates,  etc.,  and 
lary  cutting  of  plates  and  angles.  For  this  purpose  locate  end  hdes  for  laterals 
that  the  members  can  be  sheared  in  a  single  operation.  In  spans  on  a  grade, 
ipecified,  put  the  necessary  bevel  in  the  bed-plate  and  not  in  the  base-plate. 
ly  up  to  50  ft.  put  slotted  holes  for  anchor-bolts  in  both  ends  of  girders,  {  in. 
lan  the  anchor  bolts. 

ins,  show  only  one-half,  but  give  all  main  dimensions  for  the  whole  span.     In 
the  whole  span;  when  the  panels  in  one-half  of  span  are  same  as  in  the  other 
;ths  of  these  panels,  but  do  not  repeat  rivet-spacing,  except  where  it  differs, 
scale  diagram,  which  shall  appear  on  every  sheet,  unless  span  is  drawn  in  full, 

of  stiffeners,  particularly  those  to  which  cross-frames  or  fioorbeams  connect, 
jirder  Spans. — On  top  of  sheet  show  a  top  view  of  span,  with  cross-frames, 
IS  complete,  with  the  girders  placed  at  right  distances  apart.     Below 
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this  view  show  the  elevation  of  the  far  girder  as  seen  from  the  inside,  with  all  field  holes  in  flanges 
and  stiffeners  indicated  and  blackened.  At  one  end  of  the  elevation  show  in  red  the  bridge-seat 
and  back  wall,  give  figures  for  distance  from  base  of  rail  to  top  of  masonry,  notch  of  ties,  depth 
of  girder,  thickness  of  base-plate  and  of  bed-plate  or  shoe.  When  the  other  end  of  girder  has  a 
different  height  from  base  of  rail  to  masonry,  give  both  figures  at  the  one  end,  and  specify  "for 
thb  end"  and  "for  other  end."  If  span  has  bottom  lateral  bracing, a  bottom  view  (horizontal 
section)  shall  be  shown  below  the  elevation.  When  no  bottom  laterals  are  required,  show  only 
end  or  ends  of  lower  flange  of  girder,  giving  detail  of  base-plate  and  its  connection  to  the  flange. 
Detail  the  bed-plate  separately,  never  show  it  in  connection  with  the  base-plate. 

Cross-frames  shall,  whenever  possible,  be  detailed  on  the  right  hand  of  the  sheet  in  line  with 
the  elevation.  The  frame  shall  be  made  of  such  depth  as  to  permit  it  being  swung  into  place  with- 
out interfering  with  the  heads  of  the  flange  rivets  in  the  girders.  Always  use  a  plate,  not  a  washer 
with  one  rivet,  at  the  intersection  of  diagonals.  In  skew  spans  it  is  always  preferable  to  have  an 
uneven  number  of  panels  in  the  lateral  system. 

Through  Plate  Girder  Spans. — ^Show  on  top  of  sheet  an  elevation  of  the  far  girder  as  seen  from 
inside;  below  this  view  show  a  horizontal  section  of  span  as  seen  from  above  with  the  lateral  system 
detailed  complete.  It  is  generally  best  to  show  floorbeams  and  stringers  in  red  in  this  view  and  to 
detail  them  on  a  separate  sheet.  The  stiffcners  in  a  through  span  should  always  be  arranged  so 
that  the  floor  system  can  be  put  in  place  from  the  center  towards  the  ends.  What  is  said  under 
"  deck  spans  *'  about  showing  bridge-seat,  back  wall,  detailing  bed-plate  separately,  etc.,  applies 
to  through  spans  as  well. 

TRUSS  BRIDGES. — General  Rules. — Before  any  details  are  started  all  c.  to  c.  lengths  of 
chords,  posts,  diagonals,  etc.,  shall  be  determined,  and  sketches  made  of  shoes,  panel-points, 
splices,  etc.,  so  that  the  material  can  be  ordered  as  soon  as  required. 

If  not  otherwise  specified,  camber  shall  be  provided  in  the  top  chord  by  increasing  the  length 
J  in.  for  every  lo  ft.  for  railroad  bridges,  and  A  in*  ^or  every  lo  ft.  for  highway  bridges.  This 
increase  in  length  shall  not  be  considered  in  figuring  the  length  of  the  diagonals,  except  in  special 
cases,  as  directed  by  the  engineer  in  chaise.  Half  the  increase  in  length  shall  be  considered  in 
figuring  the  length  of  the  top  laterals.  Particular  attention  must  be  paid  to  what  is  said  under 
"General  Rules*'  about  showing  part  of  adjoining  member  in  red,  and  about  the  small  scale  dia- 
gram on  every  sheet. 

For  every  truss  bridge  an  erection  diagram  shall  be  made  on  a  separate  sheet,  giving  the  ship- 
ping marks  of  the  different  members  and  all  main  dimensions,  such  as  c.  to  c.  trusses,  height  of  truss, 
number  and  length  of  panels,  length  of  diagonals,  distance  from  base  of  rail  to  masonry,  distance 
from  center  of  bottom  chord  or  pin  to  masonry,  size  and  grip  of  pins  (Fig.  7),  also  show  in  lai^er 
scale  the  packing  at  panel  points,  state  any  special  feature  which  the  erector  needs  to  look  out  for, 
and  give  approximate  weight  of  heavy  and  important  pieces  when  their  weight  exceeds  five  tons. 
If  in  any  place  it  is  doubtful  whether  rivets  can  be  driven  in  the  field,  the  erection  diagram  and 
also  the  detail  drawings  shall  state  that  "turned  bolts  may  be  used  if  rivets  cannot  be  driven." 
A  list  giving  number  and  contents  of  drawings  belonging  to  the  bridge  shall  also  appear  on  the 
erection  diagram  sheet. 

Riveted  Truss  Bridges. — In  square  spans,  not  too  lai^e,  show  the  left  half  of  the  far  truss  as 
seen  from  the  inside  and  detail  all  members  in  their  true  position,  making  scale  of  the  skeleton  one- 
half  the  scale  of  the  details.  In  skew  spans,  not  symmetrical,  show  the  whole  of  the  far  truss.  In 
large  spans  detail  every  member  separately.  When  detailing  web  members  bear  in  mind  that  the 
intersection  point  on  the  chord  must  not  be  used  as  a  working  point  for  a  member  which  stops 
outside  of  the  chord.  A  separate  working  point,  preferably  the  end  rivet,  shall  be  established  on 
the  member  proper,  and  shall  be  tied  up  with  the  intersection  point  on  the  chord. 

The  clearance  between  the  chord  and  a  web  member  entering  same  shall,  whenever  possible, 
be  not  less  than  )  in.  in  heavy  and  ^  in.  in  light  structures. 

Members  shall  be  marked  with  the  panel  points  between  which  they  go,  for  example,  end- 
post  LtrUi'f  hip  vertical  Ui-Li;  top  chord  Ui-Ut,  etc.,  see  Fig.  7. 
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1  TroBB  Bridges. — In  pin-connected  truss  bridges  detail  the  left  half  of  the  far 
the  inside,  every  member  by  itself.  It  is  generally  best  to  commence  with  the 
it  lengthwise  on  the  sheet  with  the  lower  end  to  the  left;  then  the  first  section 
ind  so  on.  The  packing  at  panel  paints  shall,  whenever  possible,  be  so  arranged 
ustomary  allowance  of  A  in.  for  every  bar,  a  clearance  of  not  less  than  |  in.  can 
«n  the  two  sides  of  the  chord.  When  two  or  more  plate*  are  used.  A  in.  should 
>wed  for  each  plate.  Members  shall  be  marked  the  same  as  for  riveted  truss 
panel  points  between  which  they  go,  see  Fig.  7. 

liUiiC  Tnus  ^uw. — In  making  detail  plans  and  bills  of  material  the  following 
3wed  for  truaa  spans. 

■rawing;  7.  Upper  laterals; 

b;  S.  Lower  laterals; 

ords;  9.  Floorbeams; 

ords;  10.  Stringers: 

iate  poets;  11.  Castings,  bolts,  eye-bars,  pins,  etc. 

cing; 

LDINGS  AND  STEEL  FRAME  BDILDINGS.— Number  of  Drawings.— The 
lall  be  numbered  consecutively,  whether  large  or  small.  No  half  numbers  are 
in  emergency  cases.  It  is  always  well  to  arrange  the  number  so  that  the  sheets 
r  in  which  the  material  b  required  at  the  building.     The  following  is  generally 

ns  for  all  floors; 
chedule; 

bases  for  columns; 
HI  Orders; 

of  columns; 

lirders,  connecting  to  first  tier  of  columns 
innecting  to  first  tier  of  columns; 
eous  material  for  above; 
cr  of  columns,  etc.,  etc. 

-Floor  plans.  Fig.  13,  shall,  as  a  rule,  be  made  to  a  scale  i  in.  to  I  ft.  A  separate 
;  for  each  floor,  unless  they  are  exactly  alike.  Columns  shall  be  marked  consec- 
lerals,  the  word  Col.  always  appearing  in  front  of  the  numeral,  (or  example, 
ditect  or  engineer  has  generally  on  his  drawing  adopted  a  system  of  marking  for 
:h  should  be  adhered  to,  unless  altogether  too  impracticable.  Riveted  girders 
mtb  two  (3)  fine  lines  when  they  have  cover  plates,  and  with  four  (4)  fine  lines 
lO  cover  plates.  They  shall  be  marked  consecutively  with  numerals,  using  the 
.rders  which  are  alike.  Beams  and  channels  shall  be  indicated  with  one  single 
'  shall  be  marked  the  same  as  girders,  with  numerals,  using  same  marks  when 
liall  be  indicated  with  one  single  fine  line;  they  need  not  have  any  marks.  The 
hall  be  as  uniform  as  possible  for  the  different  floors,  i.  e.,  a  beam  which  goes 
d  Col.  3  shall  be  marked  with  the  same  numeral  throughout  all  the  floors.  All 
or  making  the  details  shall,  as  a  rule,  appear  on  the  floor  plan,  care  being  taken 
>  leave  room  for  the  erection  marks,  which  must  be  printed  in  heavy  type  above 
rpresenting  a  beam  or  girder. 

dole. — For  every  large  building  a  schedule  of  the  columns  shall  be  made  before 
rted,  see  Fig.  13.  Each  column,  even  should  several  be  alike,  shall  have  a  separ- 
:h  shall  be  given  the  material  and  the  finished  length.  As  soon  as  the  detail 
:ier  of  columns  are  finished  the  sheet  numbers  shall  be  inserted  as  shown  on  the 
Fig.  13,  making  the  schedule  serve  as  an  index  for  the  column  drawings. 
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Columns. — Columns  shall,  whenever  possible,  be  drawn  standing  up  on  the  sheets  as  they 
appear  in  the  building.  If  it  becomes  necessary  to  draw  them  lengthwise  on  the  sheet,  the  baae 
shall  be  to  the  left.  Particular  attention  shall  be  paid  to  establishing  a  marking  system  for 
brackets,  splice-plates,  etc.    A  summary  of  all  these  standard  pieces  shall  be  made  for  each  tier 
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Fig.  12.    Floor  Plans  for  Office  Buildings. 

and  sent  to  the  shop  as  early  as  practicable,  in  order  that  they  may  be  gotten  out  before  the  main 
material  is  taken  up.  The  material  for  the  small  pieces  shall,  as  far  as  possible,  be  chosen  from 
stock  sizes.  Columns  shall  be  marked  with  the  numbers  of  the  floors  between  which  they  go; 
CoL  5  (1-3).  The  lower  tier  is  best  marked  **  Basement  Tier.**  Standard  details  for  columns  are 
given  in  Fig.  14  and  Fig.  15. 

Rhreted  Girders.— Girders  shall  be  marked  with  the  number  of  the  floors,  not  with  letters^ 
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unless  requested ;  for  example,  2d  Floor,  No.  5.  What  b  said  under  columns  about  marking  system 
for  standard  pieces  applies  to  girders  as  well.  When  a  girder  is  unsymmetrical  about  the  center 
line,  and  a  question  may  arise  how  to  erect  it,  one  end  shall  be  marked  with  the  number  of  the 
column  to  which  it  connects,  or  with  North,  South,  East  or  West.     Girders  must  not  be  bunched 
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Fig.  13.    Column  Schedule  for  Office  Buildings. 

together  for  the  different  floors  more  than  to  meet  the  requirements  in  the  field;  but  they  must 
correspond  to  the  tiers  of  columns  as  they  will  be  erected. 

Beams. — Beams  shall  be  drawn  on  the  standard  forms  provided  for  the  purpose.  They 
need  not  be  drawn  to  scale,  see  Fig.  16  and  Fig.  17.  Beams  shall  be  marked  the  same  as  girders 
with  the  number  of  the  floor;  One  12"  I  @  40  lb.  X  i9'-3i",  (Mark)  2d  Floor  No.  35.  What 
is  said  under  girders  about  marking  one  end,  when  not  symmetrical  around  the  center  line,  and 
about  not  bunching  the  different  floors  more  than  to  meet  the  requirements  in  the  field,  applies 
to  beams  as  well. 

Whenever  possible  use  standard  framing  angles,  Tables  117  and  118,  Part  II.  If  it  is  deemed 
necessary  to  use  6  in.  X  6  in.  angles,  punch  both  legs  the  same  as  the  6  in.  leg  of  standard;  in  3}  in.  X 
3}  in.  or  4  in.  X  z\  in*  angles,  punch  both  legs  the  same  as  4  in.  leg  of  standard.     It  is  not  abso- 
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luteiy  imperative  that  the  gage  of  the  framing  ai^ieB  shall  be  standard  as  long  as  the  vertical  distance 
between  the  holes  and  in  the  6  in.  leg  the  horizoataJ  distance  (a}  in.),  are  kept  standard.  Holes 
for  connections,  tie-rods,  etc.,  shall  be  located  from  one  end  of  the  beam,  preferably  the  left.  If 
one  end  rests  on  the  wall  and  the  other  end  is  framed,  then  figure  from  the  latter  end,  be  it  r^ht 


Material  in  Base 

ly  dh.  tO-Ti' 
2Pl5.l2'xixr-£' 

Fig.  14.    Standakd  Details  for  Bbthlbhem  H-Conmire, 

or  left.  This  rule  may  be  dispensed  with  in  case  of  numerous  holes  regularly  spaced  in  web  or 
flange  for  connection  of  shelf-angles,  buckle-plates,  etc.  The  allowed  overrun  at  ends  of  beams 
miat  always  be  indicated,  either  by  giving  figures  or  by  showing  wall  bearii^.    Holes  at  the  end 
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STANDARD  DETAILS  FOR  ROLLED  BEAMS. 
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of  beam  for  anchors  are  best  figured  from  wall  end,  not  connecting  them  with  other  figures.  The 
distance  between  end  holes  in  beams  which  connect  through  web  or  flange  to  columns,  girders,  etc.. 
shall  always  be  given.  When  framing  angles  are  standard,  do  not  give  any  figures  for  either  shop 
or  field  rivets,  except  the  distance  from  bottom  of  beam  to  center  of  connection  or  to  first  holes  ia 
framing  angle,  and  the  horizontal  distance  between  field  holes.  When  special  framing  angles  are 
used,  the  fact  must  be  noted  and  figures  given  for  gages,  etc.  For  standard  connection  holes  in 
web  of  beam  all  figures  required  are  the  distance  from  bottom  of  beam  to  centre  of  connection  or 
to  first  hole  and  the  horizontal  distance  between  holes.     Whenever  possible  use  standard  punching. 
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Fig.  [7.    Standard  Details  for  Rolled  Bbaus. 

ERECTION  PLAN  FOR  HILL  BtHLDINGS.— The  preceding  method  for  ofiice  buildings 
will  need  considerable  modification  for  steel  frame  mill  buildings.  The  following  method  for 
making  erection  plans  for  steel  frame  mill  buildings  has  been  found  very  satisfactory. 

If  the  points  of  the  compass  are  known,  mark  all  pieces  on  the  north  side  with  the  tetter,  N, 
those  on  the  south  with  the  letter,  S.  etc.  Mark  girts  N.G.  i :  N.G.a ;  etc.  Mark  all  posts  with  a 
dilTinnt  number,  thus:  N.P.l;  N.P.2;  etc,  Mark  small  pieces  which  are  alike  with  the  same 
mark;  this  would  usually  include  everything  except  posts,  trusses  and  girders,  but  in  order  to 
follou'  the  general  marking  scheme,  where  pieces  are  alike  on  both  Mdes  of  a  building,  change  the 
grntral  letter;  e.  g,,  N.G.7  would  be  a  girt  on  the  north  side  and  S.G.7  the  same  girt  on  south  side. 
Then  in  case  the  north  and  south  sides  are  alike,  only  an  elevation  of  one  side  need  be  shown,  and 
unilcr  it  a  note  thus:   "Pieces  on  south  side  of  building,  in  corresponding  positions  have  the  same 
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Fig.  1 8.    Standard  Details  for  Angle  Struts. 
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number  as  on  this  side,  but  prefixed  by  the  letter,  S,  instead  of  the  letter,  N."  Mark  trusses 
T.i;  T.2;  etc.     Mark  purlins  R.i;  R.2;  etc. 

The  above  scheme  will  necessarily  have  to  be  modified  more  or  less  according  to  drcum- 
stances;  for  example,  where  a  building  has  different  sections  or  divisions  applying  on  the  same  order 
number,  in  which  case  each  section  or  division  should  have  a  distinguishing  letter  which  should 
prefix  the  mark  of  every  piece.  In  such  cases  it  will  perhaps  be  well  to  omit  other  letters,  such  as 
N.,  S.,  etc.,  so  that  the  mark  will  not  be  too  long  for  easy  marking  on  the  piece.  In  general, 
however,  the  scheme  should  be  followed  of  marking  all  the  larger  pieces,  whether  alike  or  not, 
with  a  different  mark.  This  would  refer  to  pieces  which  are  liable  to  be  hauled  immediately  to 
their  places  from  the  cars.     But  for  all  smaller  pieces  which  are  alike,  give  the  same  mark. 

DETAIL  NOTES. — Sections. — End  views  of  sections  shall  be  shown  as  in  (a)  Fig.  19,  and 
sections  shall  be  cross-hatched  or  blackened  as  shown  in  (b)  Fig.  19. 

Assembling  Note. — Covers,  webs,  flange  angles,  etc.,  must  not  be  marked  alike  when  it 
would  be  necessary  to  turn  them  end  for  end,  see  (c)  Fig.  19. 

Rivet  Spacing. — Rivet  spacing  must  be  tied  up  from  end  to  end. 
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Fig.  19. 


Connection  Plates. — In  detailing  connection  plates  wherever  bevel  for  holes  on  lines  **b," 
(d)  and  (e)  Fig.  19,  is  different,  spacing  for  holes  on  lines  "a"  should  be  made  different  to  prevent 
plates  from  being  interchanged. 

Writing  Angles.— In  writing  angles  give  the  longer  leg  first,  i-L  6"  X  4"  X  \"  X  io'-o4". 

Writing  Plates. — In  writing  plates  the  width  of  the  plate  is  given  in  inches,  the  thickness  in 
inches,  and  the  length  in  ft.  and  in.;  2-PI.  48"  X  i"  X  is'-of".  A  length  of  9  in.  should  be 
written  0^-9"  and  not  9".  The  width  of  a  plate  is  the  dimension  at  right  angles  to  the  length 
of  the  member,  while  the  length  of  a  plate  is  the  dimension  parallel  to  the  length  of  the  member 
to  which  the  plate  is  attached;  except  that  for  lacing  bars,  tie  plates  and  other  universal  mill 
plates  6  inches  and  less  in  width  the  least  dimension  is  taken  as  the  width  of  the  member,  and 
for  splice  plates  the  width  is  the  dimension  at  right  angles  to  the  splice. 

Writing  Sections.— Sections  are  written  as  follows:   i-I  12"  @  40  lb.  X  16-3!". 

Miscellaneous. — Bevels  may  be  shown  as  so  many  inches  in  12",  (a)  Fig.  20;  or  where  con- 
venient the  total  lengths  may  be  given  as  in  (b)  Fig.  20.  The  latter  method  is  the  better  as  it 
assists  the  checker  and  the  templet  maker. 

1  he  maximum  amount  that  one  leg  of  an  angle  can  be  bent  is  45".  For  a  greater  bend  than 
45°  a  bent  plate  shall  be  used,  (c)  Fig.  20. 

The  center  to  center  length  of  stiff  laterals  should  be  not  less  than  A  in-  short. 

Do  not  use  2  sizes  of  rivets  in  the  same  leg,  or  same  angle,  or  same  piece  unless  absc^ut^ 


necessary. 


RULES  TO  FACILITATE  ERECTION. 


411 


Where  unequal  legged  angles  are  used  mark  the  width  of  one  leg  of  the  angle  on  the  leg. 

Where  heavy  laterals  are  spliced  in  the  middle  by  a  plate,  ship  the  plate  riveted  to  one  angle 
only. 

Do  not  countersink  rivets  in  long  pieces  unless  absolutely  necessary. 

Do  not  draw  any  more  of  a  member  than  necessary,  and  do  not  dimension  the  same  piece 
several  times. 

Revisiiig  Drawings. — ^When  drawings  have  been  changed  after  having  been  first  approved, 
they  must  be  marked.  Revised  (give  date  of  revision). 


cu 


! .  j2l  V^ 

*oF  Web--  \ 


(d) 


Fig.  20. 


Measuring  Angles. — ^All  measurements  on  angles  are  to  be  made  from  the  back  of  the  angle, 
and  not  from  the  edge  of  the  flange.  The  center  to  center  distance  between  open  holes  should 
always  be  given  for  each  piece  that  is  shipped  separate,  in  order  that  the  inspector  can  check  the 
piece. 

Width  of  Angles. — ^The  widths  of  the  legs  of  angles  are  greater  than  the  nominal  widths, 
unless  the  angle  has  been  rolled  with  a  finishing  roll.  The  over-run  for  each  leg  is  equal  to  the 
nominal  width  of  the  leg  plus  the  increase  in  thickness  of  leg  made  by  spreading  the  rolls.  For 
example  finishing  rolls  are  used  for  rolling  3"  X  3"  angles  with  a  thickness  of  }".  The  actual 
length  of  the  leg  of  a  3"  X  3"  angle  is  as  follows:  angle  3"  X  3"  X  J",  leg  3";  angle  3"  X  3"  X  A". 
1^  3A";  angle  3"  X  3"  X  I",  leg  3J";  angle  3"  X  3"  X  i",  leg  3J";  angle  3"  X  3"  X  f", 

leg  31". 

The  over-run  of  Pencoyd  angles  are  given  in  Table  27,  Part  II;  and  the  over-run  of  Pennsyl- 
vania Steel  Company's  angles  are  given  in  Table  28,  Part  II. 

POINTS  TO  BE  OBSERVED  IN  ORDER  TO  FACILITATE  ERECTION.—The  first 
consideration  for  ease  and  safety  in  erection  should  be  to  so  arrange  all  details,  joints  and  con- 
nections that  the  structure  may  be  connected  and  made  self-sustaining  and  safe  in  the  shortest 
time  possible.  Entering  connections  of  any  character  should  be  avoided  when  possible,  notably 
on  top  chords,  floorbeam  and  stringer  connections,  splices  in  girders,  etc.  When  practicable, 
joints  should  be  so  arranged  as  to  avoid  having  to  put  members  together  by  entering  them  on  end, 
as  it  is  often  impossible  to  get  the  necessary  clearance  in  which  to  do  this.  In  all  through  spans 
floor  connections  should  be  so  arranged  that  the  floor  system  can  be  put  in  place  after  the  trusses 
or  girders  have  been  erected  in  their  final  position,  and  vice  versa,  so  that  the  trusses  or  girders 
can  be  erected  after  the  floor  system  has  been  set  in  place.  All  lateral  bracing,  hitch-plates,  rivets 
in  laterals,  etc.,  should,  as  far  as  possible,  be  kept  clear  of  the  bottoms  of  the  ties,  it  being  expensive 
to  cut  out  ties  to  clear  such  obstructions.  Lateral  plates  should  be  shipped  loose,  or  bolted  on 
so  that  they  do  not  project  outside  of  the  member,  whenever  there  is  danger  of  their  being  broken 
off  in  unloading  and  handling.  Loose  fillers  should  be  avoided,  but  they  should  be  tacked  on  with 
rivets,  countersunk  when  necessary. 

In  elevated  railroad  work,  viaducts  and  similar  structures,  where  longitudinal  girders  frame 
into  cross  girders,  shelf  angles  should  be  provided  on  the  latter.     In  these  structures  the  expansion 
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CLEARANCE  STANDARDS. 


Clearance  'a'should never  be  kssbhsn^ 
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Fig.  aa.    Cleakance  Standards.    American  Bkidge  Coufany. 
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Fig.  23.    Standards  for  Lacing  Bars.    American  Bridge  Company. 
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joints  should  be  so  arranged  that  the  rivets  connecting  the  fixed  span  to  the  cross  girder  can  be 
driven  after  the  expansion  span  is  in  place.  In  viaducts,  etc.,  two  spans,  abutting  on  a  bent, 
should  be  so  arranged  that  either  span  can  be  set  in  place  entirely  independent  of  the  other.  The 
same  thing  applies  to  girder  spans  of  different  depth  resting  on  the  same  bent.  Holes  for  anchor- 
bolts  should  be  so  arranged  that  the  holes  in  the  masonry  can  be  drilled  and  the  bolts  put  in  place 
after  the  structure  has  been  erected  complete. 

In  structures  consisting  of  more  than  one  span  a  separate  bed-plate  should  be  provided  for 
each  shoe.  This  is  particularly  important  where  an  old  structure  is  to  be  replaced;  if  two  shoes 
were  put  on  one  bed  plate  or  two  spans  connected  on  the  same  pin,  it  would  necessitate  removing 
two  old  spans  in  order  to  erect  one  new  one.  In  pin-connected  spans  the  section  of  top  chords 
nearest  the  center  should  be  made  with  at  least  two  pin-holes.  In  skew  spans  the  chord  splices 
should  be  so  located  that  two  opposite  panels  can  be  erected  without  moving  the  traveler.  Tie 
plates  should  be  kept  far  enough  away  from  the  joints  and  enough  rivets  should  be  countersunk 
inside  the  chord  to  allow  eye-bars  and  other  members  being  easily  set  in  place.  Posts  with 
channels  or  angles  turned  out  and  notched  at  the  ends  should  be  avoided  whenever  possible. 

ORDERING  MATERIAL.— Bridge  Work.— Ordinarily  plates  less  than  48  in.  wide  are 
ordered  U.  M.  (universal  mill  or  edge  plates),  but  when  there  is  no  need  for  milled  edges  and 
prompt  delivery  is  essential  specify  either  U.  M.  or  sheared.  Never  order  widths  in  eighths. 
Flats  and  universal  (edge)  plates  over  4  in.  in  width  should  be  ordered  in  even  inches,  flats  under 
4  in.  should  be  ordered  by  i  in.  variation  jn  width.  Flats  i  in.  and  under  in  thickness  are  very 
difficult  to  secure  from  the  mills  and  should  be  avoided  if  possible. 

Rolling  mills  are  allowed  a  variation  of  \  in.  in  width  of  plates,  over  or  under,  and  a  variation 
of  }  in.  in  length,  over  or  under,  from  the  ordered  width  or  length.  Rolling  mills  are  allowed  a 
variation  of  }  in.  over  or  under  the  ordered  length  of  beams,  channels,  angles,  zees,  etc.  An 
extra  price  b  charged  for  cutting  to  exact  length.     See  Chapter  XIII. 

Allow  ^  in.  in  thickness  for  planing  plates  2  ft.  6  in.  square  or  less,  )  in.  for  plates  more  than 
2  ft.  6  in.  square,  and  |  in.  for  columns;  chohls  and  girders  which  have  milled  ends  are  ordered 
}  in.  longer  than  the  finished  dimensions. 

Web  plates  should  be  ordered  i  in.  less  than  the  back  to  back  of  flange  angles  unless  a  less 
cleaiance  is  specified.  Web  plates  should  preferably  be  ordered  in  even  inches  and  the  distance 
back  to  back  of  angles  made  in  fractions. 

When  angles,  beams  or  channels  are  bent  in  a  circle  allow  9  in.  to  12  in.  for  bending. 

Bent  plates  should  be  ordered  to  the  length  of  the  outside  of  the  bend. 


I:?J?S[^il.  ^PJJ.?.9!^.i J 

Fig.  24.    Beams  Between  Columns. 

Large  gusaet  plates,  large  plates  with  angle  cuts,  etc.,  should  be  ordered  as  sketch  plates, 
when  the  amount  of  waste  if  ordered  rectangular  will  exceed  20  per  cent.  Mills  will  not  make  re- 
entrant cuts  in  plates  or  shapes. 

In  ordering  lacing  bars  add  ^  in.  to  the  finished  length  and  order  in  multiple  lengths. 

ORDERING  MATERIAL.— Building  Wbrk.— Order  beams  in  foundation  neat  length. 

Order  beams  framing  into  beams  }  in.  short  for  each  end,  see  Fig.  24. 
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Order  main  column  material  1  in.  long  for  milling  both  ends  (this  takes  care  of  permissible 
variation  in  length  of  plus  or  minus  f  in.  as  well  as  the  milling). 

Order  girder  flange  angles  and  plates  i  in.  long. 

Order  girder  web  plates  i  in.  short,  where  end  connections  are  used. 

Order  girder  web  plates  neat  length,  where  end  connections  are  not  used. 

Order  girder  web  plates  i  in.  less  in  width  than  back  of  flange  angles. 

Order  stiffener  angles  i  in.  long. 

Order  fillers  under  stiffeners  neat  length. 

Add  -fg  in.  to  each  lacing  bar  and  order  in  multiple  lengths. 

SHAPES  AND  PLATES  MOST  EASILY  OBTAINED.— The  ease  with  which  different 
commercial  sizes  of  shapes  and  plates  may  be  obtained  from  the  rolling  mill  varies  with  the  mill 
and  with  the  demand.  Where  any  section  is  in  demand  rollings  are  frequent  and  the  orders  are 
promptly  filled,  while  the  order  for  a  section  not  in  demand  may  have  to  wait  a  long  time  until 
sufficient  orders  have  accumulated  to  warrant  a  special  rolling. 

The  following  list  of  plates  and  sections  is  fairly  accurate,  the  list  varying  from  time  to  time. 

Plates. — Plates  most  easily  obtained. 


Width. 
In. 

li 
ij 

2 

2i 
2i 

3 

3i 

4 


ThickiMflS, 

In. 

A  and  i 

A  and  i 

A  and  i 

i  and  up 

{  and  up 

i  and  up 

\  and  up 

i  and  up 

Width. 
In. 

5 
6 

7 
8 

9 
lo 

12 

14 


ThickneM, 
In. 

\  and  up 
i  and  up 
}  and  up 
i  and  up 
\  and  up 
i  and  up 
i  and  up 
i  and  up 


Over  14  in.  in  width  it  is  immaterial  what  width  of  plate  is  specified. 
Squares  and  Rounds. — Squares  and  rounds  most  easily  obtained. 

Rounds,  r,  r.  i".  I",  il",  li". 

Squares,  J",  i",  i",  iJ",  iJ". 

All  other  sizes  are  liable  to  cause  delay. 

Beams. — Sizes  of  I -Beams  which  can  be  obtained  most  readily. 


Depth. 
6" 
8" 


// 


// 


I  a 
12 


15" 
18" 

20" 

24" 


Weight. 
I2i  lb. 

18    lb.  2oi  lb. 
25    lb.  30    lb. 
3iilb.  35    lb.    40  lb. 
42    lb.  50    lb.    60  lb. 
55    lb.  60    lb.    70  lb. 
65    lb.  80    lb. 
80    lb.  90    lb.  100  lb. 


Sizes  of  I-Beams  which  may  be  used  but  for  which  prompt  deliveries  may  not  be  expected. 


Depth. 

5" 
7" 


Weight. 
9ilb. 
15    lb. 
21    lb.  25  lb. 


Beams  of  weights  different  from  the  above  can  always  be  obtained  from  the  mills  but  not  so 
readily  as  those  given.  Beams  of  minimum  section  can  always  be  dltained  more  readily  than 
heavier  sections. 
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Channels. — Channels  which  can  be  most  readily  obtained  from  the  mills. 

Depth.  Weight. 

6"  8    lb. 

8"  Hi  lb.  iSl  lb. 

lo"  15    lb.  20    lb.  25  lb. 

12"  20J  lb.  25    lb.  30  lb. 

15"  33    lb.  40    lb.  50  lb. 

Sizes  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 

Depth.  Weight. 

5"  6i  lb. 

7"  9l  lb. 

9"  I3i  lb. 

Channels  of  weights  different  than  those  given  above  can  always  be  obtained  at  the  mills 
but  not  so  readily  as  those  given.  Channels  of  minimum  section  can  always  be  obtained  more 
readily  than  heavier  sections. 

Ancles. — ^Angles  most  easily  obtained  from  the  mill. 
Even  legs.— 2i"  X  2!";  3"  X  3";  3i"  X  3F;  4"  X  4";  6"  X  6". 
Uneven  legs.— 2i"  X  2";  3"  X  2i";  3i"  X  3";  4"  X  3";  5"  X  3i";  6"  X  4". 
Angles  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Even  legs.— 2"  X  2";  2 J"  X  2 J";  5"  X  5";  8"  X  8". 
Uneven  legs.— 3"  X  2";  3i"  X  2i";  4"  X  3i";  6"  X  3i". 
Angles  4"  X  3i";  5"  X  4";  7"  X  3i"  and  8"  X  6"  are  very  difficult  to  obtain. 
To  obtain  prompt  deliveries  as  few  sizes  and  shapes  as  practicable  should  be  used  for  any 
contract.     For  example  if  6"  X  4"  angles  are  used  6"  X  3i"  should  be  avoided,  and  vice  versa. 
Tees.— If  possible  the  use  of  Tees  should  be  confined  to  3"  X  3"  X  i"  and  2"  X  2"  X  A". 
and  even  these  sizes  are  uncertain  of  delivery. 

Zees. — ^The  delivery  of  zees  is  uncertain  and  will  depend  upon  special  rollings,  which  do  not 
occur  frequently.     The  following  sizes  are  the  most  used,  and  are  therefore  most  easily  obtained. 

Web.  Thicknen. 

3"  i".  A"  and  i" 

4"  i"»  A"  and  i" 

5"  A",  i"  and  i" 

6"  i",  i",  f",  i",  i"  and  I" 

Stock  MateriaL — ^The  Pennsylvania  Steel  Company  carries  the  following  material  in  stock 
in  30  ft.  lengths  for  use  in  its  structural  plant. 

Andef,  Even  Legs.  Angles,  Uneven  Legs. 

6"  X  6"  X  A"  and  i"  6"  X  4"  X  i".  A"  and  J" 

4"  X  4"  X  i"  and  A"  5"  X  3i"  X  i".  A"  and  J 

3i"  X  3i"  X  i"  and  A"  4"  X  3i"  X  A"  and  f" 

3"  X  3"  X  A",  f "  and  A"  3i"  X  3"  X  A"  and  f " 

3"  X  2i"  X  A"  and  i" 
Flats. 
7"  X  f" 
6"  X  f "  and  J" 
3i"  X  f",  i"  and  r 
3"X.rand  A" 
2i"  X  f"  and  A" 
2i"  X  A"  and  f" 
2"  X  i"  and  A" 
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Plates. 

20" 

Xf" 

and  J" 

18" 

Xf" 

and  J" 

16" 

xr 

and  J" 

15" 

xf" 

and  i" 

14" 

Xf" 

and  i" 

13" 

Xf" 

and  i" 

12" 

Xf" 

,  A"  and  J" 

10" 

Xf" 

and  A" 

9" 

Xf" 

28 
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Lengtfis  and  Widths  of  Plates. — ^The  maximum  sizes  and  lengths  of  shapes  and  plates 
foUed  by  the  Carnegie  Steel  Company  and  the  Illinois  Steel  Company  are  given  in  Table  I 
Table  VII,  inclusive. 

TABLE  I. 


as 

to 


Maximum  Lengths  of  Shapes;  Carnegie  Steel  Co. 


/  Beams: — 

24"  to  12" 75  ft. 

ID"  to  5" 70   " 

4"  and  3" 50  " 

Channels: — 

15"  to  12" 75  ft. 

10"  standard 70 


10"  special 80 

70 


9"  to  5" 

4"  and  3" 50 


<< 
II 
II 


Tees:-^ 

5"  to  I". . 
Zees: — 

6"  and^^". 


50  ft. 


4"  X  i 

4"  X  ii  and  under 70 


70  ft. 
65 


Deck  Beams: — 
10" 

9"  to  7". 
6" 


70 


II 
II 

II 


Bulb  Angles: — 
10"  to  7". . 


45  ft. 

65  " 

60  " 

65  ft. 

60  " 

65" 

Angles  (Even  Legs): — 

8"  X8" 120  ft. 

6"  X  6"  X  I"  to  I" 80 

6"  X  6"  X  II"  and  under 90 

5"X5" 85 

4"  X4" 90 

3i"X^i" 90 


3"X3" 75 

2rX2r 50 

2i"X2r 50 

2rx2i" 50 

2"  X  2" 50 

irx  irtofxr 50 


II 
II 
i< 
II 
II 
II 
II 
i< 
II 
II 
II 


Angles  (Eneven  Legs): — 
8"  X6" 


7"  X  3i"  X  I"  to  r. 


7" 
6" 

6" 

6" 

6" 

6" 

5" 
5" 
5" 
5" 

4" 
C 


80 
80 

85 
85 


X3r  XH"to  A" 
X  4"  X  r'  to  1". . . 

X  4"  X  H"  and  under 96 

X3i"X  I"  to!" 80 

X3i"X,4" 85 

X  3i"  X  i"  and  under 90 

X  4" 90 

X3i"Xr 75 

X  3i"  X  tr 80 

X  3i"  X  r'  and  under 90 


ft 


// 


X3 
X 
X 
X 
X 
X 
X 
X3 
X3 


// 


I" 

i" 


*f 


X 
X 
X 
X 
X 
X 


// 


90 
50 

55 

60 

65 

70 


3i 
3i" 

3i 
3i 

3^ 
3l 


// 


ff 


It 


// 


// 
It 
ft 


and  under 80 

1 90 

' 85 

and  under 90 

\\" 60 

65 
70 

75 
X  i"  and  under 80 

X+r 55 

Xf" 60 

65 

70 

"  X  F'  and  under 90 

X2" 50 


"  X  tr 

"  X  i" 

xi 

XH 
X  t 


3" 

3" 
3" 
3" 
3" 
2i 
2i" 

Y  X  i' 


Jl 


X 

X 
X 
X 
X 
X 
X 
X 
X 
X2i"  X  A" 80 

X2i' 


n 


3"X2i"toirXi" 50 


ft. 

ti 

II 
11 
II 
li 
ti 
<i 
i« 
11 
<i 
<i 

il 
II 
11 
II 
II 
II 
<i 
It 
II 
li 
<l 
II 
*l 
(I 
<l 
II 
II 
II 
il 
II 
II 
II 
II 


TABLE  II. 
Maximxhc  Lengths  of  Material;  Illinois  Steel  Co.  (South  Works). 

Angles: — 

All  angles lOO  ft. 

/  Beams: — 

All  I  Beams  up  to  15 75  ft. 

15  I  Beams  42  lb.  to  55  lb 75  " 

15  I  Beams  60  lb.  to  75  lb 62  " 

15  I  Beams  80  lb 60  " 

15  I  Beams  90  lb 50 

15  I  Beams  100  lb 45 

Channels: — 

Ail  Channels 75  ft. 

In  case  it  is  absolutely  essential  to  have  any  of  the  above  material  in  lengths  longer  than 
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shown,  it  will  be  necessary  to  take  the  matter  up  with  the  mill  to  ascertain  whether  same  can  be 
obtained. 

For  extreme  lengths  of  material  .rolled  at  the  Bay  View  (Milwaukee  Works)  follow  list  of 
maximum  lengths  rolled  by  Carnegie,  as  the  facilities  for  rolling  all  smaller  sections  are  about 
the  same  at  both  mills. 

TABLE  III. 

Maximum  Sizbs  of  Rbctangular  and  Circular  Plates;  Carnegie  Steel  Co. 

Sheared  Plates,  One-Fourth  Inch  and  Over. 


Thickness. 

Widths  and  Lengths  in  Inches. 

Diam.,1 
Inches. 

Inches. 

132 

126 

120 

114 

108 

102 

96 

90 

«4 

7« 

i 

150 

230 
265 

200 

210 

250 
300 
400 

280 

100 

IIO 

180 

200 

260 

275 
350 

325 
440 

380 

120 

200 

220 

250 

310 

i6o 

126 

t 

190 

200 

240 

265 

290 

350 

380 

440 

465 

475 

132 

220 

230 

260 

280 

300 

360 

400 

450 

475 

500 

132 

-fk 

220 

230 

260 

290 

300 

380 

400 

450 

475 

500 

132 

220 

230 

270 

300 

320 

360 

380 

420 

440 

480 

134 

i 

220 

230 

270 

300 

320 

350 

380 

420 

440 

480 

134 

. 

220 

230 

270 

290 

320 

350 

380 

420 

440 

480 

134 

1 

\i 

220 

230 

270 

290 

320 

350 

380 

420 

440 

480 

134 

1 

220 

230 

260 

280 

320 

350 

380 

420 

440 

480 

134 

I 

220 

230 

250 

270 

300 

320 

350 

380 

400 

430 

134 

>J 

200 

220 

230 

250 

280 

300 

320 

350 

370 

405 

132 

It 

190 

200 

210 

230 

255 

275 

295 

325 

340 

360 

132 

'1 

180 

190 

200 

210 

240 

250 

275 

300 

315 

340 

132 

i| 

"?5 

180 

190 

200 

225 

240 

260 

285 

300 

320 

132 

2 

165 

170 

180 

190 

210 

230 

H5 

270 

280 

300 

130 

»i 

132 

145 

150 

160 

170 

190 

200 

230 

240 

260 

130 

72 

66 

60 

54 

50 

48 

42 

36 

30 

H 

Diam. 

i 

350 

350 

380 

400 

400 

430 

400 

400 

380 

380 

IIO 

t 

380 

400 

450 

460 

460 

500 

450 

450 

400 

400 

120 

490 

500 

540 

540 

540 

540 

500 

500 

480 

480 

126 

i- 

520 

560 

560 

S6o 

560 

560 

550 

550 

530 

530 

132 

52s 

560 

560 

q6o 

560 

560 

550 

550 

530 

530 

132 

A 

525 

560 

560 

560 

560 

560 

550 

550 

530 

530 

132 

.  . 

520 

S60 

•;6o 

560 

560 

560 

560 

560 

530 

500 

134 

i 

500 

530 

S40 

540 

560 

560 

560 

540 

530 

500 

134 

• 

490 

500 

540 

540 

560 

560 

560 

540 

530 

500 

134 

H 

480 

500 

520 

540 

540 

540 

560 

540 

520 

480 

134 

i 

480 

500 

520 

520 

520 

530 

530 

530 

500 

480 

134 

I 

460 

480 

500 

520 

520 

520 

500 

480 

470 

460 

134 

i| 

430 

450 

470 

480 

480 

500 

480 

480 

470 

450 

132 

il 

380 

400 

420 

430 

430 

450 

460 

460 

450 

440 

132 

i\ 

^6o 

380 

400 

420 

430 

440 

440 

420 

420 

420 

132 

if 

340 

360 

380 

400 

420 

430 

400 

380 

380 

360 

132 

2 

320 

340 

360 

380 

400 

400 

160 

350 

350 

320 

130 

*l 

280 

300 

320 

340 

350 

330 

300 

300 

250 

200 

130 

Plates  48''  wide  and  under  can  also  be  rolled  on  Universal  Mills. 
For  greater  length  and  Universal  Mill  Sizes,  see  Universal  Mill  Plate  Table  V. 
Plates  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted  for  special 
connderation. 
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TABLE  IV. 

Maxiuum  Sizes  of  Rectangular  and  Circular  Plates;  Carnegie  Steel  Co. 

Shbarbd  Plates,  Three-Sixteenths  Inch  and  Under. 


Wldthauul 

Lcdgtlttlnliiche* 

Dtam..  Incho. 

74    j    72 

70 

f4 

61 

60 

S8 

«A 

20O 

IM 

240 

270 

190 

z.l 

170 
140 

230 

70 

160 

170 
ISO 
ISO 
130 

J90 

N„*„ 

140 
140 

ISO 

ISO 
130 

170 
170 
ISO 

No.  12 

140 

6* 

TABLE  V. 
Maximum  Sizes  of  Rectangular  Universal  Plates;  Caknegie  Stkkl  Co. 
Universal  Mill  Plates,  One-Fourth  Inch  and  Over. 


Thick- 

Wtdtlu  and  Lactlu  In  InctM.                                                                 | 

48-46 

+S-41 

40-J6 

35-3" 

30-26 

2S-20 

19-17 

16-is 

14-12 

II 

IO-6I 

, 

780 

7S0 

780 

780 

S40 

S40 

600 

600 

fi6r. 

840 

840 

840 

840 

S40 

RfO 

<)6o 

1140 

1140 

1 140 

1080 

900 

840 

■^ 

060 

-Xio 

loSo 

1080 

1080 

900 

i 

960 

960 

io3o 

1200 

1100 

1080 

ID20 

840 

loSo 

1200 

1200 

IMO 

1080 

1080 

1080 

lOIO 

840 

-Xio 

060 

840 

840 

840 

1080 

900 

7H0 

K40 

B40 

960 

960 

960 

960 

960 

960 

900 

840 

I 

720 

720 

720 

H40 

a4o 

B40 

900 

900 

660 

780 

780 

900 

900 

840 

840 

840 

^Jfi 

fior. 

fmo 

600 

840 

840 

840 

SO* 

s^a 

S40 

S.}0 

S40 

720 

4Rn 

480 

480 

4B0 

4R0 

480 

540 

660 

720 

840 

840 

410 

720 

720 

420 

432 

420 

420 

420 

480 

S40 

420 

410 

420 

408 

408 

420 

S40 

720 

e  submitted   for  special 
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TABLE  VI. 
Maximum  Sizbs  of  Universal  Plates;  Illinois  Steel  Co. 


TUckncM, 
incbe*. 

Width  of  Plate  in  IncbM.                        | 

^ 

6 

7 

8 

9 

10  to  30 

i 

960 

960 

960 

960 

960 

A 

960 

960 

960 

960 

960 

I 

960 

960 

960 

960 

960 

P 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

• 

810 

960 

960 

960 

960 

750 

930   . 

960 

960 

960 

H 

690 

860 

960 

960 

960 

i 

640 

800 

910 

960 

960 

a 

600 

740 

850 

960 

960 

I 

560 

700 

800 

900 

960 

'f* 

530 

660 

750 

850 

900 

It 

500 

620 

710 

800 

850 

'1^ 

470 

590 

670 

760 

810 

li 

450 

560 

640 

720 

770 

'^ 

420 

530 

610 

680 

730 

'1 

400 

510 

580 

650 

690 

lA 

390 

490 

560 

620 

660 

li 

370 

470 

530 

600 

640 

•A 

360  • 

450 

510 

570 

610 

I 

340 

430 

490 

550 

590 

li 

330 

410 

470 

530 

570 

li 

320 

400 

460 

510 

550 

iH 

310 

390 

440 

490 

530 

li 

300 

370 

430 

480 

510 

iH 

290 

360 

410 

460 

490 

3 

280 

350 

400 

450 

480 

All  plates  both  sheared  and  Universal  Mill  rolled  by  Illinois  Steel  Co.,  can  exceed  above  lengths 
by  I  ft.     If  longer  lengths  are  necessary  take  up  with  the  mill. 

Design  Drawings  for  Steel  Structures. 

Drawings. — Designs  shall  be  made  on  standard  sized  sheets.  A  scale  of  }  in.  to  i  ft.  shall 
be  a  minimum,  a  larger  scale  being  used  if  practicable.  Give  such  distances  on  both  plan  and 
cross-section  that  the  dimensions  of  either  can  be  understood  without  reference  to  the  other. 

Designs  of  Mill  Buildings. 

Loftds. — ^All  roof  loads,  snow  loads,  wind  loads,  floor  loads,  wheel  loads  and  spacing  for 
cranes,  and  in  case  of  bins,  the  weight  per  cubic  foot  and  the  angle  of  repose  of  the  material  shall 
appear  on  the  design  drawings. 

Diagrams. — Draw  as  many  sections  as  are  necessary  to  show  all  transverse  bents  and  trusses, 
a  plan  of  lower  chord  bracing,  and  views  to  indicate  framing  and  side  views  when  necessary  to 
give  location  of  doors  and  windows.  When  a  sectional  view  is  shown,  always  mark  the  location 
of  the  sections  on  the  plan.  When  two  buildings  frame  into  each  other  the  design  should  always 
indicate  the  framing  for  the  connections,  drawing  additional  sections  if  required. 
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Stresses. — The  stresses  in  all  members  of  transverse  bents,  trusses  and  latticed  and  plate 
girders,  and  the  loads  on  all  main  building  columns  shall  be  given  on  the  design  drawings.  Give 
maximum  bending  moment  and  maximum  shear  in  all  crane  girders,  plate  girders,  and  floor  girders 
and  columns.  Maximum  shear  and  bending  moment  shall  be  given  for  all  stringers  or  I-Beams 
used  as  floor  or  crane  girders. 

Notes. — Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
steel);  specifications  (name  and  date;  size  of  rivets  and  holes,  reamed  or  punched  full  size). 

Anc^e  Members. — In  all  cases  where  two  unequal  legged  angles  are  used  as  main  members, 
show  the  direction  in  which  the  outstanding  legs  are  turned  by  giving  the  dimension  of  the  leg 
appearing  in  elevation,  or  by  exaggerating  the  longer  leg. 

TABLE  VII. 
Maximum  Sizes  of  Sheared  Plates;  Illinois  Steel  Co. 


Width  of  Plate  in  Inches. 

Thickness. 
Inches. 

Diam. 

1 

I20 

"5 

no 

100 

90 

80 

72 

60 

50 

40 

30 

A 

240 
320 

2i;o 

280 

360 
420 
480 

360 
420 
480 

75 

115 
120 

156 

200 

200 

240 

320 

330 

144 

IS6 

200 

250 

250 

420 

420 

480 

420 

1 

i8o 

200 

220 

300 

360 

500 

600 

600 

600 

600 

600 

126 

A 

i8o 

210 

220 

360 

480 

500 

600 

600 

600 

600 

600 

126 

} 

i8o 

2IO 

220 

360 

480 

540 

600 

600 

600 

600 

600 

126 

.  ; 

i8o 

210 

220 

360 

430 

480 

550 

600 

600 

600 

600 

126 

i8o 

2IO 

220 

360 

400 

430 

500 

580 

600 

600 

600 

126 

i 

• 

i8o 

210 

220 

320 

350 

400 

450 

530 

600 

600 

600 

126 

i8o 

210 

220 

300 

320 

360 

410 

480 

570 

600 

600 

126 

i8o 

210 

220 

260 

300 

330 

380 

• 
440 

530 

600 

600 

126 

i8o 

210 

220 

250 

280 

310 

350 

410 

500 

600 

600 

126 

H 

i8o 

200 

210 

230 

260 

300 

330 

390 

460 

580 

600 

126 

I 

i8o 

190 

200 

220 

240 

270 

310 

360 

430 

540 

600 

126 

li 

i6o 

170 

180 

190 

220 

240 

280 

320 

390 

480 

600 

124 

li 

144 

150 

160 

180 

200 

220 

250 

290 

350 

440 

580 

122 

1 

144 

ISO 

160 

180 

200 

220 

250 

290 

290 

360 

480 

122 

I 

125 

130 

140 

160 

180 

210 

240 

290 

360 

480 

120 

2 

120 

130 

140 

160 

190 

220 

260 

330 

440 

"5 

Sections. — Give  sections  of  all  members  used  in  the  structure.  Whenever  two  or  more 
columns  or  other  members  in  different  locations  have  the  same  section,  either  note  it,  or  mark  the 
section  on  each  one.     For  a  column  of  special  make-up  show  a  cross  section. 

Dimensions. — ^The  following  dimensions  should  be  given:  (i)  Height  of  lower  chord  of 
trusses  from  floor  level;  (2)  elevation  of  top  of  crane  rail  with  clearance;  (3)  distance  c.  to  c.  of 
crane  rail  with  clearance;  (4)  distance  b.  to  b.  of  angles  of  all  main  columns;  (5)  pitch  of  trusses 
or  height  of  same  at  heel  and  slope  of  upper  chord;  (6)  width  and  height  of  ventilator;  (7)  length 
of  bays;  (8)  distance  c.  to  c.  of  building  columns;  (9)  location  and  size  of  stacks;  (10)  location  and 
size  of  openings  and  circular  ventilators;  (11)  thickness  of  all  walls,  and  relation  to  center  line 
of  columns. 

Windows. — Give  size  and  number  of  lights  and  height  of  windows.  Show  location  of  all 
windows.  State  whether  pivoted,  sliding,  counter-balanced  or  fixed,  and  whether  continuous. 
State  kind  of  glass. 

Doors. — Give  dimensions  (width  by  height)  and  state  whether  wood  or  steel,  swinging, 
lifting,  rolling  or  sliding.     State  style  of  track,  hangers  and  latch. 
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Louvres. — Note  depth  on  design,  and  whether  wood  or  metal,  fixed  or  pivoted.  If  metal 
give  gage  and  kind  of  same. 

Corrugated  SteeL — Give  gage  and  kind  of  all  corrugated  sheetinj;,  painted  or  galvanized; 
method  of  fastening,  lining,  etc. 

Gutters  and  Conductors. — ^Show  gutters,  conductors  and  downspouts  where  necessary  and 
give  size  and  kind  and  thickness  of  metal,  methods  of  fastening,  etc. 

Circular  Ventilators. — Show  location  on  design  and  note  size  and  kind. 

Roofing. — Give  kind  of  roofing  material,  and  thickness  of  sheathing  when  used. 

Notes. — Note  on  design  the  section  of:  (a)  Purlins  and  form  where  trussed;  (b)  girts;  (c)  sag 
rods;  (d)  lateral  bracing;  (e)  end  columns;  (0  window  posts;  (g)  door  posts. 

Connections. — In  making  a  design  be  sure  that  all  clearances  and  connections  with  adjoining 
structures  are  properly  provided  for  and  that  all  dimensions  necessary  for  detailing  of  same  are 
given  on  the  design. 

Designs  of  Plate  Girder  Bridges. 

Loads. — Give  assumed  dead,  live  and  wind  loads,  and  show  diagram  of  wheel  loads. 

Diagram  and  Views. — ^Show  an  elevation  of  girder  with  stiffeners,  a  plan  with  lateral  bracing, 
and  a  half  end  view  and  a  half  intermediate  section. 

Stresses. — Give  maximum  bending  moments  and  maximum  shears,  maximum  stresses, 
required  and  actual  net  area  of  flanges,  noting  number  of  rivets  deducted,  and  required  net  and 
actual  gross  areas  of  webs. 

Dimensions. — ^The  following  dimensions  should  appear  on  all  plate  girder  designs.  Distance 
b.  to  b.  of  end  angles,  or  distance  out  to  out  of  girders,  c.  to  c.  of  bearings,  back  wall  to  back  wall, 
or  c  to  c.  of  piers,  b.  to  b.  of  flange  angles,  spacing  of  girders  and  track  stringers,  base  of  rail  to 
masonry,  end  of  steel  to  face  of  back  wall,  angle  of  skew  if  any,  and  grade  of  base  of  rail. 

For  girder  bridges  on  curves  give  the  curvature  and  super-elevation  of  outer  rail  and  distance 
from  top  of  masonry  to  base  of  low  rail.  Give  elevation  of  grade  and  of  masonry  on  a  vertical 
line  through  center  of  end  bearing. 

Rivet  Spacing. — Note  on  the  elevation  of  girders  the  spacing  of  rivets  connecting  flange 
angles  to  web,  changing  spacing  at  stiffener  points.  Give  number  of  rivets  in  single  shear  for  end 
connections  of  all  laterals  and  cross  frames. 

Shoes  and  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Expansion  Points. — Mark  fixed  and  expansion  points  and  show  whether  pedestals  or  bearing 
plates  are  to  be  used. 

Stiffeners. — Show  end  and  intermediate  stiffeners  on  elevation  of  girder,  giving  sections  and 
stating  whether  fillers  are  used,  or  stiffeners  crimped. 

Super-elevation. — If  the  bridge  be  on  a  curve,  show  how  the  super-elevation  of  the  outer 
rail  is  to  be  cared  for,  whether  by  tapering  ties,  or  changing  height  of  pedestal  or  masonry  plate. 

Track. — ^Show  track  in  place,  noting  such  information  as  size  and  notching  of  ties  and  guard 
timbers  and  manner  of  connecting  timber  deck  to  the  girder.  For  through  girder  always  show 
clearance  diagram  with  dimensions. 

Notes. — (a)  Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
steel);  (b)  specifications  (name  and  date);  (c)  size  of  rivets  and  holes,  reamed  or  punched  full  size. 

Designs  op  Truss  Bridges. 

Loads. — ^Always  give  the  following  assumed  loads  on  the  stress  sheets. 

Dead  Loads.— (a)  Weight  of  track  in  lb.  per  lin.  ft.  of  track;  (b)  weight  of  trusses  and  bracing 
per  lin.  ft.  of  bridge;  (c)  weight  of  stringer  and  stringer  bracing  per  lin.  ft.  of  bridge;  (d)  weight 
of  floorbeams  per  lin.  ft.  of  bridge. 
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live  Load. — (Diagram  of  wheel  loads.) 

Wind  Load. 

Diagrams. — In  general,  the  design  shall  show  an  elevation  of  the  truss,  plan  of  top  lateral 
bracing,  plan  of  bottom  lateral  bracing  and  stringer  bracing,  half  end  view  showing  portal,  half 
intermediate  view,  or  as  many  intermediate  views  as  are  necessary  to  show  intermediate  sway 
frames.  The  end  view  shall  show  track  in  place  with  information  similar  to  that  for  plate  girders. 
The  design  of  a  pin-connected  bridge  shall  show  the  sizes  of  pins  and  the  arrangement  of  the 
members  at  all  panel  points. 

Stresses. — Give  the  stresses  in  all  members  of  trusses  as  follows:  D.  L.  (Dead  Load);  L.  L. 
(Live  Load);  I.  (Impact);  C.  (Curvature);  W.  (Wind  Stresses).    Also  total  stresses. 

Always  use  the  minus  sign  for  tensile  stress  and  the  plus  sign  for  compressive  stress.  Compute 
and  give  traction  stresses  for  viaduct  towers. 

For  stringers  and  fioorbeams  give  the  bending  moment  and  shear  and  stresses  in  the  same 
manner  as  for  plate  girders. 

General  Dimensions. — ^The  most  important  dimensions  are,  number  of  panels  and  length, 
depth  of  truss  at  every  panel  point  if  upper  chord  is  curved,  distance  c.  to  c.  of  trusses,  distance 
base  of  rail  to  masonry,  distance  center  of  end  pin  to  masonry,  distance  c.  to  c.  of  end  pins  and 
face  to  face  of  masonry,  or  c.  to  c.  of  piers.  If  the  bridge  be  on  a  curve,  give  the  degree  and  show 
direction  of  curvature,  the  distance  of  base  of  low  rail  to  masonry,  and  the  super>elevation  of 
outer  rail.  Note  that  greater  clearances  are  required  on  curves.  Show  the  clearance  line  and  line 
of  base  of  rail  in  the  elevation  of  truss. 

Compression  Members. — Give  the  actual  unit  stress,  the  allowable  unit  stress,  radius  of 
gyration,  moment  of  inertia,  actual  and  required  area,  eccentricity  and  cross-section. 

Tension  Members. — Give  allowable  and  actual  stresses,  the  required  and  actual  net  area. 
For  built  sections  give  number  of  holes  deducted  for  rivets  in  obtaining  net  area,  and  radius  of 
gyration. 

Sections. — Give  section  of  every  member  and  thickness  of  all  gusset  plates.  Always  give 
size  of  lacing  bars,  and  state  whether  single  or  double  lacing  is  required. 

Built  Sections. — On  all  built  sections  give  depth  of  section,  and  in  using  plate  and  angle 
sections,  make  the  web  i  in.  less  in  width  than  the  depth  of  section. 

Ancles  with  Unequal  Legs. — In  any  member  comp>osed  of  one  or  more  angles  with  unequal 
legs,  show  clearly  the  direction  in  which  the  long  or  short  leg  is  turned. 

Rivets. — Note  the  number  of  rivets  to  be  used  for  end  connections  of  all  members,  and  give 
the  number  of  rivets  in  single  shear  required  at  end  connection  of  track  stringers. 

Shoes  or  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate, 
with  allowable  pressure  on  masonry.  Note  size  of  bed  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Camber. — The  amount  of  camber  should  be  shown  on  the  design. 

Notes. — Same  as  for  Plate  Girders. 
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ingles,  web  plate,  base  plate  and  angles,  crane  seat  and  cap.     Base  in- 

nge  angles,  web  plate,  cover  plates,  end  stifieners,  intermediate  etifleners, 
Dee  brace  connections.     Rails,  splice  bare,  clips  and  crane  stops. 
n-  struts,  lattice  girders,  purlins,  girts,  ridge  struts,  lower  chord  struts, 
:ing,  lower  chord  diagonals,  reinforcing  aisles  for  purlins  used  aa  rafter 

rials  Hot  Stnictunl  Steel. — Corrugated  steel  rooting  and  siding,  louvres, 
gutters,  conductors,  downspouts,  ventilators,  stack  collars.  Windows, 
g  device,  lumber,  roofing,  brick  and  concrete. 

IfGS. — Floorbeams,  girders,  including  all  their  connections  not  riveted 
rs  should  be  estimated  separately  using  a  multiplier  if  two  or  more  are 

includii^  splices  and  connections  riveted  to  the  columns.  If  columns 
tions,  it  should  be  so  noted  on  the  estimate  summary.    Estimate  columns 

u  suspended  ceilings,  galleries,  penthouses,  lintels,  curb-angles,  canopies, 

SS. — Truss  members  should  be  taken  off  separately  in  order  that  the 
{lance  the  weight  of  any  main  member.    Never  write  off  material  for 
isa — 4  Req'd." 
r,  portals;  sway  trusses;  upper  laterals;  lower  laterals:  shoes,  masonry 

an  easily  be  arranged  for  other  structures. 

'OR   TAKING   OFF   HATERIAt.— Quantity  estimates  shall  give  the 

ppiog  weights  plus  scrap.    Pin  plates,  gusset  plates,  etc.,  shall  be  taken 

liar  plates.     Large  irregular  plates  or  small  irregular  plates  which  occur 

ave  the  exact  sizes  shown  in  the  estimate  and  should  have  their  weights 

lII  quantity  estimates  shall  be  made  out  with  black  drawii^  ink- 

j  pencils  shall  be  used  in  estimating: 

T  quantities,  all  check  marks  on  drawings  or  blue  prints  shall  be  made 

'quantities  taken  aS."  all  check  marks  on  drawings,  blue  prints  and 

:  with  a  red  pencil. 

shall  be  used  for  checking  extendons,  also  for  making  notes,  corrections, 

n  white  prints  or  tracings. 

ons,  corrections  or  additions,  on  blue  prints  at  the  time  of  estimating 

nta  or  drawings  in  regard  to  alterations,  corrections  or  additions  shall  be 
person  in  charge  of  the  estimate.     In  general  all  work  shall  be  taken  off 
ths  of  bolts  shall  be  given  in  feet  and  inches. 
OF   MATERIAL.— In  making  the  summary  steel  and  iron  should  be 

!s  6  in.  wide  and  under,  rounds  up  to  3  in.  in  diameter  and  squares  up 

r  6  in.  wide  up  to  and  including  100  in.,  and  \  in.  thick  and  over, 
r  100  in.  wide  up  to  and  including  tio  in. 
r  110  in.  wide  up  to  and  including  115  in. 
r  1 15  in.  wide  up  to  and  including  lao  in. 
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(h)  Plates  checkered, 
(f)   Plates  buckle. 
Angles  (a)  Having  both  legs  6  in.  wide  or  under. 

(b)  Having  either  leg  more  than  6  in.  in  width. 

(c)  Having  both  legs  less  than  3  in.  in  width. 
Channels  and  I- Beams 

(a)  Channels  and  beams  up  to  and  including  15  in.  in  depth. 

(b)  Over  15  in.  in  depth. 

If  Bethlehem  sections  are  used  distinguish  between  "Bethlehem  Special  I-Beams"  and 
"  Girder  Beams,"  and  also  regarding  depths  as  above. 

Zees. 

Tees. 

Rails  (Separate  rails  under  50  lb.  per  yd.,  rails  over  100  lb.  per  yd.,  and  girder  rails). 

RaU  Splices. 

Iron  Castings. 

Steel  Castings. 

Nuts. 

Clevises  and  Tumbuckles. 

PinSf  rounds  from  3  in.  diameter  to  6}  in.  in  diameter. 

PorgingSt  rounds  over  6|  in.  in  diameter. 

Bronte,  Lead,  etc. 

Rivets  and  Bolts. 

Rivet  Heads. — ^Where  the  estimate  is  made  from  shop  drawings  the  actual  number  of  rivet 
heads  shall  be  determined.  The  weight  of  rivet  heads  in  per  cent  of  the  total  weight  of  the  other 
material  is  about  as  follows:  Purlins,  girts  and  beams,  2  per  cent;  trusses  and  bracing,  4  per  cent; 
plate  girders  and  columns  of  4  angles  and  i  pi.,  5  per  cent;  plate  girders  and  columns  with  cover 
plates,  6  per  cent;  box  girders  or  channel  columns  with  lacing,  7  per  cent;  trough  floors,  8  to  10 
per  cent. 

The  rivet  heads  in  highway  bridges  may  be  taken  at  5  and  4  per  cent  of  the  total  weight 
of  8ted  exclusive  of  fence  and  joists  for  riveted  and  pin-connected  trusses,  respectively. 

Bolts  are  usually  taken  off  in  the  estimate  when  they  occur,  and  entered  as  rivets.  When 
bolts  are  under  6  in.  in  length,  include  bolts  under  the  item  "  Bolts  and  Rivets."  When  over 
6  in.  in  length,  put  the  bolts  under  ''Bars." 

Miscellaneous  Materials. — Corrugated  Steel. — Always  give  the  number  of  gage,  whether 
painted  or  galvanized,  and  whether  iron  or  steel.  This  remark  also  applies  to  louvres,  flashing, 
ridge  roll,  gutters  and  conductors.  State  whether  corrugated  steel  is  for  roofing  or  siding.  Roofing 
shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  three  feet  on  each  end  of  building  to  the  distance 
c  to  c  of  end  trusses  to  allow  for  cornice.  Allow  one  foot  overhang  at  eaves.  Siding  shall  be  esti- 
mated in  squares  of  100  sq.  ft.,  adding  one  foot  at  each  end  of  building  to  allow  for  corner  laps. 

Louvres  shall  be  estimated  in  sq.  ft.  of  superficial  area,  stating  whether  fixed  or  pivoted. 

Flashing  shall  be  estimated  in  lineal  feet  and  shall  be  taken  off  over  all  windows  where  corru- 
gated sheathing  is  used  on  the  sides  of  building,  and  under  all  louvres  and  windows  in  ventilators. 

Ridge  roll  shall  be  estimated  in  lineal  feet,  adding  one  foot  to  the  distance  center  to  center 
of  end  trusses.     Ridge  roll  is  usually  taken  off  the  same  gage  as  the  corrugated  steel  roofing. 

Gutters  and  conductors  shall  be  estimated  in  lineal  feet,  the  conductors  usually  being  spaced 
from  40  to  50  ft.,  depending  upon  the  area  drained. 

Circular  ventilators  shall  be  estimated  by  number,  giving  diameter  and  kind,  if  specified. 

Stack  collars  shall  be  estimated  by  number,  giving  diameter  of  stack. 

Windows  shall  be  estimated  in  sq.  ft.  of  superficial  area,  taking  for  the  width  the  distance 
between  girts.  State  whether  windows  are  fixed,  sliding,  pivoted,  counter-balanced  or  counter- 
weighted.  State  kind  and  thickness  of  glass  and  give  list  of  hardware,  and  any  thing  else  of  a 
special  nature. 
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Doors  shall  be  estimated  in  sq.  ft.;  state  whether  sliding,  lifting,  rolling  or  swinging.  Steel 
doors  covered  with  corrugated  steel  shall  be  estimated  by  including  the  steel  frame  under  steel 
and  the  covering  with  corrugated  steel  siding.     State  style  of  track,  hangers  and  latch. 

Skylights  shall  be  estimated  in  sq.  ft.,  giving  kind  of  glass  and  frames. 

Operating  devices  for  pivoted  windows  or  louvres  shall  be  estimated  in  lineal  feet. 

Lumber  shall  be  estimated  in  feet,  board  measure,  noting  kind.  Note  that  lumber  under 
I  in.  in  thickness  is  classified  as  i  in.  Above  i  in.  it  varies  by  }  in.  in  thickness,  and  if  surfaced 
will  be  I  in.  less  in  thickness,  i.  e.,  i)  in.  sheathing  is  actually  i|  in.  thick,  but  shall  be  estimated 
as  li  in.  Lumber  comes  in  lengths  of  even  feet;  if  a  piece  lo  ft.-8  in.  or  1 1  ft.-o  in.  is  required,  a 
stick  12  ft.-o  in.  long  shall  be  estimated.  In  using  lumber  there  is  usually  considerable  waste  de- 
pending upon  the  purpose  for  which  it  is  intended.  In  estimating  tongue  and  grooved  sheathing 
lo  to  20  per  cent  shall  be  added  for  tongues  and  grooves  and  from  5  to  10  per  cent  for  waste, 
depending  upon  the  width  of  boards  and  how  the  sheathing  is  laid. 

Composition  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  allowing  the  proper 
amount  for  overhang  at  eaves  and  gables  and  for  flashing  up  under  a  ventilator  or  on  the  inside 
of  a  parapet  wall. 

Tile  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  5  per  cent  for  waste. 
Include  in  an  estimate  for  tile  roof,  gutters,  coping,  ridge  roll,  plates  over  ventilator  windows  and 
plates  under  ventilator  windows,  these  being  estimated  in  lineal  feet.  Flat  plates  for  the  ends 
of  ventilators  shall  be  estimated  in  sq.  ft. 

Brick  shall  be  estimated  by  number.  For  ordinary  brick  such  as  is  used  in  mill  building 
construction,  estimate  7  brick  per  sq.  ft.  for  each  brick  in  thickness  of  wall,  i.  e.,  a  9  in.  wall  is  two 
bricks  thick  and  contains  14  brick  for  each  sq.  ft.  of  superficial  area. 

Always  note  whether  walls  are  pilastered  or  corbeled  and  estimate  the  additional  amount  of 
brick  required.  If  walls  are  plain,  no  percentage  need  be  added  for  waste,  but  if  openings  such 
as  arched  windows  occur  add  from  5  to  10  per  cent. 

Concrete  shall  be  estimated  in  cubic  yards.  Walls  or  ceiling  of  plaster  on  expanded  metal 
shall  be  estimated  in  squares  of  100  sq.  ft.,  noting  thickness  and  kind  of  reinforcement.  Rein- 
forced concrete  floors  shall  be  estimated  in  sq.  ft.  of  floor  area,  noting  thickness  and  kind  of  rein- 
forcement. Paving  of  all  kinds  is  estimated  in  square  yards,  but  the  concrete  filling  under  the 
pavement  itself  is  estimated  in  cubic  yards.  Concrete  floor  on  cinder  filling  is  usually  estimated 
in  square  yards,  specifying  its  proportions. 

ESTIMATE  OP  COST.— The  different  types  of  framed  steel  structures  vary  so  much  with 
local  conditions  and  requirements  that  it  is  only  possible  to  give  data  that  may  be  used  as  a  guide 
to  the  experienced  estimator.  The  cost  of  steel  frame  structures  may  be  divided  into  (i)  cost  of 
material,  (2)  cost  of  fabrication,  (3)  cost  of  erection,  and  (4)  cost  of  transportation. 

I.  Cost  of  Material. — The  price  of  structural  steel  is  quoted  in  cents  per  pound  delivered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained 
from  the  Engineering  News,  Iron  Age  or  other  technical  papers.  The  present  prices  (1914) 
f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  I. 
Prices  of  Structural  Steel  (1914)  f.  o.  b.  Pittsburgh,  Pa.,  in  Cents  per  Pound. 

Price  in  CU. 
Material.  per  Lb. 

I-beams,  18  in.  and  over : 1.55 

I-beams  and  channels,  3  in.  to  15  in 1.45 

H-beams,  over  8  in 1.60 

Angles,  3  in.  to  6  in.  inclusive 1.45 

Angles,  over  6  in 1.50 

Zees,  3  in.  and  over 1.45 

Angles,  channels,  and  zees,  under  3  in 1.40 


COST  OF  DRAFTING. 


429 


I>eck  beams  and  bulb  angles 1.75 

Checkered  and  corrugated  plates 1.75  to  1.90 

Plates,  structural,  base 1.40 

Plates,  flange,  base 1.50 

Corrugated  steel  No.  22,  painted 2.15 

Corrugated  steel  No.  22,  galvanized 3.00 

Steel  sheets  Nos.  10  and  11,  black 1.90 

Steel  sheets  Nos.  10  and  1 1,  galvanized 2.35 

Steel  sheets  No.  22,  black 2.10 

Steel  sheets  No.  22,  galvanized 2.95 

Bar  iron,  base 1.65 

Rivets 2.10 


COST  OP  FABRICATION  OP  STRUCTURAL  STEEL.— The  cost  of  fabrication  of 
structural  steel  may  be  divided  into  (a)  cost  of  drafting,  (b)  cost  of  mill  details,  and  {c)  cost  of 
shop  labor. 

(a)  COST  OP  DRAFTING. — ^The  cost  of  drafting  varies  with  the  character  of  the  structure 
and  with  the  shop  methods  of  the  bridge  company.  There  are  two  general  methods  in  common 
use  for  detailing  steel  structures,  sketch  details,  and  complete  details  (see  Chapter  XII).  The 
cost  of  drafting  varies  with  the  method  of  detailing  and  the  number  of  pieces  to  be  made  from 
one  detail,  and  costs  per  ton  may  mean  but  little  and  be  very  misleading.  The  cost  per  standard 
sheet  (24  in.  X  36  in.)  is  more  nearly  a  constant  and  varies  from  $15  to  $25  per  sheet.  The 
following  approximate  costs,  based  on  a  total  average  charge  of  40  cents  per  hour  may  be  of  value. 

Mill  and  Mine  Buildings. — Details  of  ordinary  steel  mill  buildings  cost  from  $2  to  $4  per 
ton;  details  for  head  works  for  mines  cost  from  $4  to  $6  per  ton;  details  for  churches  and  court 
houses  having  hips  and  valleys,  cost  from  $6  to  ^  per  ton;  details  for  circular  steel  bins  cost 
from  $1.50  to  $3  per  ton;  details  for  rectangular  steel  bins  cost  from  $2  to  $4  per  ton;  details  for 
conical  or  hopper  bottom  bins  cost  from  $4  to  $6  per  ton. 

Bridges. — Details  of  steel  bridges  will  cost  from  $1  to  $2  per  ton  where  sketch  details  are 
used  and  from  $2  to  $4  per  ton  where  the  members  are  detailed  separately. 

Actual  Cost  of  Drafting. — ^The  details  of  the  Basin  and  Bay  State  Smelter,  containing  270 
tons,  cost  $2  per  ton. 

The  costs  of  making  shop  details  for  steel  structures  as  given  in  the  Technograph  No.  21, 
1907,  by  Mr.  Ralph  H.  Gage,  are  given  in  Table  II. 

TABLE  II. 
Cost  of  Shop  Drawings. 


Character  of  Building. 

Entire  skeleton  construction,  i.  e.,  loads  all  carried  to  the  foundation  by  means 

of  steel  columns 

Interior  portion  supported  on  steel  columns;  exterior  walls   carry  floor  loads 

and  their  own  weight 

Interior  portion  carried  on  cast  iron  columns;  exterior  walls  support  floor  loads 

as  well  as  their  own  weight 

No  colunms  and  floorbeams  resting  on  masonry  walls  throughout 

Structure  consisting  mostly  of  roof  trusses  resting  on  columns 

Structure  consisting  mostly  of  roof  trusses  resting  on  masonry  walls 

Mill  buildings 

Flat  one-story  shop  or  manufacturing  buildings 

Tipples,  mining  structures  or  other  complicated  structures 

Malt  or  grain  bins  and  hoppers 

Remodeling  and  additions  where  measurements  are  necessary  before  details 

can  be  made 


AverEise  Cost  per  Ton. 


1 
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Mr.  Gage  makes  the  following  comments  on  the  cost  of  drafting:  "The  cost  of  drafting 
materials  and  blue  prints  was  not  included.  There  is  always  a  noticeable  decrease  in  cost  of 
the  details  when  the  plans  for  the  ironwork  are  made  and  designed  by  an  engineer  and  separated 
from  the  general  work.  On  the  average  it  cost  35  per  cent  more  to  make  shop  drawings  of  the 
structural  steel  when  the  data  were  taken  from  the  architect's  plans  than  when  the  data  were 
taken  from  carefully  worked  out  engineer's  plans.  Inaccurate  plans  where  the  draftsman  is 
continually  finding  errors  which  must  be  referred  to  the  architect  materially  increase  the  cost  of 
shop  drawings." 

(b)  COST  OF  MILL  DETAILS.— If  material  is  ordered  directly  from  the  rolling  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  "card  of 
mill  extras." 

CARD  OF  MILL  EXTRAS.~If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary 
to  have  the  subdivisions  a,  b,  c,  d,  e,  f,  r,  etc.,  as  follows: 

a  »  o.  I  sets,  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punching, 
one  size  of  hole  in  one  or  both  flanges. 

b  =  o.2$cts.  per  lb.  This  covers  plain  punching  one  size  of  hole  either  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  =«  o.^octs,  per  lb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching  of 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flange  and  another  size 
of  hole  in  the  other  flange. 

d  =  o.35c^.  per  lb.  This  covers  coping,  ordinary  beveling,  riveting  or  bolting  of  connection 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  are  held  together  by 
separators  only. 

e  a  0.40CIS.  per  lb.  This  covers  punching  of  one  size  of  hole  in  the  web  and  another  size  of 
hole  in  the  flanges. 

/  =  o.i$cts.  per  lb.    This  covers  cutting  to  length  with  less  vibration  than  ±  f  in. 

r  s  0.50C/5.  per  lb.  This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not  be 
included  in  beam  classification. 

Fittings. — ^All  fittings,  whether  loose  or  attached,  such  as  angle  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i.55cts.  per  lb.  over  and  above  the  base  price.  The  extra  charge  for  painting  is  to  be  added 
to  the  price  for  fittings  also.  The  base  price  at  which  fittings  are  figured  is  not  the  base  orice  of 
the  beams  to  which  they  are  attached  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  under. 

The  above  rates  will  not  include  painting,  or  oiling,  which  should  be  charaed  at  the  rate  of 
0.1  Gets,  per  lb.  for  one  coat,  over  and  above  the  base  price  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o.i5cts.  per  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  c  +  o.i5cts.,  four  sizes  01  holes;  e  +  ejects.  For  example: 
a  beam  with  |  in.  and  i  in.  holes  in  the  flanges  and  f  in.  and  1  in.  holes  in  the  web  should  be 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  indicated;  for  example:  Plain  punching  one  size  of  hole  in  either  web  and  one  flange, 
or  web  and  both  flanges,  and  cutting  to  length  would  be  marked  bf,  which  would  establish  a  total 
charge  of  o.40cts.  per  lb. 

Note  to  doss  d. — No  extra  charge  can  be  added  to  this  class  for  punching  various  sixes  oC 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  has  connection  angles 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  extra  will  always  be  the  same,  namely  o.35cts.  When  beams  have  angles  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  figure  the  beams  as  class  d^  and  the  plates  and 
angles  as  beam  connections. 

Note  to  class  r. — ^This  rate  of  o. sects,  per  lb.  applies  to  all  the  material  making  up  the  riveted 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  classed  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  affected  as  included  in  class  **r.**  AMicn 
beams  have  angles  or  plates  riveted  to  them  and  same  are  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  When 
18  in.,  20  in.,  or  24  in.  beams  are  in  "r"  class  keep  the  I's  separate  from  the  material  (plates, 
cast  iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  "15  in.  I's  and  Under." 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  20  in.  and  24  in.  Ts.  If  there 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sizes,  instead  ol  *'i5  in.  I's 
and  Under." 
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In  estimating  channel  roof  purlins  classify  7  in.  channels  and  smaller  as  one  punched;  8  in. 
channels  and  larger  as  two  punched,  unless  they  are  shown  or  noted  otherwise,  and  keep  separate 
from  other  beams. 

No  extra  charge  can  be  added  to  curved  beams  for  riveting,  cuttine  to  length,  etc. 

Subdividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  too  many. 

The  only  subdivision  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  i  in. 
Columns  with  ornamental  work  cast  on  must  be  kept  separate. 

Round  and  Square  Bars. — In  estimating  round  and  square  bars  use  the  standard  card  for 

extras,  Table  III.     It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 

and  square  bars. 

Extras. — Shapes^  Plates  and  Bars: 

(Cutting  to  length) 

Under  3  ft.  to  2  ft.,  inclusive 0.25  ct.  per  lb. 

Under  2  ft.  to  i  ft.,  inclusive 0.50  ct.  per  lb. 

Under  i  ft 1.55  ct.  per  lb. 

Extras — Plates  {Card  of  January  7,  1902): 

Base  i  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 

Ptf  100  Lb. 
Widths — 100  in.  to  I  ID  in $  .05 

no  in.  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in 25 

125  in.  to  130  in 50 

Over  130  in i.oo 

Gages  under  i  in.  to  and  including  A  ii^ 10 

Gages  under  ^  in.  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No.  9 25 

Gages  under  No.  9  to  and  including  No.  10 30 

Gages  under  No.  10  to  and  including  No.  12 .40 

Complete  circles 20 

Boiler  and  flange  steel •. 10 

Marine  and  fire  box .20 

Ordinary  sketches 10 

(Except  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends,  narrowest  end 
not  less  than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE  III. 
Standard  Classification  of  Extras  on  Iron  and  Steel  Bars.* 

Rounds  and  Squares. 
Squares  up  to  4}  inches  only.     Intermediate  sizes  take  the  next  higher  extra. 

Pftr  100  Lb. 

}to  3       in Rates, 
to  H      " $0.10  extra. 

i  to   A      " 20      " 

A  " .40    " 

V         " 50  " 

A  " 60     " 

i  and  A  " 70   ;; 

A  " 1.00 

A  " ■  .  .  .       2.00       " 

3A  to3J     " 15     " 

*  Adopted  August,  1902. 
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TABLE  III.— Continued. 

Standard  Classification  of  Extras  on  Iron  and  Stbel  Bars. 

Flat  Bars  and  Heavy  Bands. 

3^  to  4      in 2$  extra. 

4*  to  4i     " 30     " 

4A  to  5       " 40     " 

5i    tosJ     ;; 50     " 

5f    to  6       " 75     " 


6i    to  6J     " i.oo  " 

6{    to  7i     " 1.25  " 

Flat  Bars  and  Heavy  Bands. 

Per  100  Lb. 

I       to  6      in.  X  I  to   I      in Rates. 

I       to  6       "   X  i  and    A  " I0.20  extra. 

8  to     A   "    X  f  to     i    •  * 40  " 

to     tt    "    X  }  and    A  " 50  " 

A  and    f     "   XI  to     i     " 50  " 

A  and    i     "   X  i  and    A  " 70  " 

\  "   Xiand    A  " 90  " 

)  "   X  i  and  A     " i.io  " 

A  "   X  I  " 1.00  " 

A  "   X  }  and    A  " 1.20  " 

I  "   X  i  and    A  " 1.50  " 

ij     to  6  in.  X  lA  to  lA  in 10  " 

ij     to  6  "   X  1}    to  li     " 20  " 

1}     to  6  "   X  If    to  2i     " 30  " 

3i     to  6  "   X  3      to  4       " 40  " 


II 
II 

II 


Light  Bars  and  Bands. 

Per  xooLb. 

I J     to  6      in.  X  Nos.  7,  8,  9  and  A  in $0.40  extra. 

1}     to  6      in.  X  Nos.  10,  II,  12  and  i  in 60  " 

I       to  I A  in.  X  Nos.  7,  8,  9  and  A  in 50 

I       to  I A  in.  X  Nos.  ID,  II,  12  and  J  in 70 

H  to    H  in.  X  Nos.  7,  8,  9  and  A  in 70 

H  and  tt  in.  X  Nos.  10,  11,  12  and  J  in 80  " 

tt  and   }    in.  X  Nos.  7,  8,  9  and  A  in i.oo  " 

H  and   i    in.  X  Nos.  10,  1 1,  12  and  J  in 1.20  " 

A  and   f    in.  X  Nos.  7,  8,  9  and  A  in 1.20  " 

A  and   f    in.  X  Nos.  10,  11,  12  and  J  in 1.30  " 

i  X  Nos.  7,  8,  9  and  A  in 1.30  " 

i  X  Nos.  10,  II,  12  and  i  in 1.50  " 

A  X  Nos.  7,  8,  9  and  A  in 1.80  " 

A  X  Nos.  10,  II,  12  and  i  in 2.10  *' 

I  X  Nos.  7,  8,  9  and  A  in 1.90  " 

I  X  Nos.  10,  II,  12  and  J  in 240  ** 

Mill  Orders. — In  mill  orders  the  following  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  i  in.  shorter  than  the  figured  lengths 
this  will  allow  a  clearance  of  }  in.  if  all  beams  come  |  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance.  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  i  in.  for  each  milling  for 
members  that  have  to  be  faced.  Order  web  plates  for  girdeis  J  to  J  in.  narrower  than  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  except 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  field 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higher 
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price.    Standard  connections  should  be  used  wherever  possible,  and  special  work  should  be 
avoided. — For  additional  notes  on  ordering  material,  see  Chapter  XI L 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
structural  shop  is  wanted.  The  cost  of  material  f.  o.  b.  the  shop  must  therefore  include  the  cost 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is  variable  but 
as  an  average  may  be  taken  at  4  per  cent.  Paint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  plain  material  at  the  shop  would  be 

Average  cost  per  lb.  f .  o.  b.  mill,  say i  .75  cts. 

Add  4  per  cent  for  waste 07    *' 

Add  $2.00  per  ton  for  paint  material 10    ** 

Add  freight  from  mill  to  shop  (Pittsburg  to  St.  Louis) 225  ** 

Total  cost  per  pound  f.  o.  b.  shop 2.145" 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percentage  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  products  will 
be  the  average  pound  price. 

(c)  COST  OP  SHOP  LABOR.~The  cost  of  shop  labor  may  be  calculated  for  the  different 
parts  of  the  structure,  or  may  be  calculated  for  the  structure  as  a  whole.  The  following  costs 
are  based  on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.  The 
cost  of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connection 
angles  loose  or  attached  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

SHOP  COSTS  OP  STEEL  PRAME  BUILDINGS.— The  following  costs  of  different  parts 
of  steel  frame  office  and  mill  structures  are  a  fair  average. 

Columns. — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  about  as  follows:  Columns 
made  of  two  channels  and  two  plates,  or  two  channels  laced  cost  about  0.80  to  0.70  cts.  per  lb., 
for  columns  weighing  from  600  to  1,000  lb.  each;  columns  made  of  4  angles  laced  cost  from  0.80 
to  1. 10  cts.  per  lb.;  columns  made  of  two  channels  and  one  I-beam,  or  three  channels  cost  from 
0.65  to  0.90  cts.  per  lb.;  columns  made  of  single  I-beams,  or  single  angles  cost  about  0.50  cts.  per 
lb.;  and  Z-bar  columns  cost  from  0.70  to  0.90  cts.  per  lb. 

Plain  cast  columns  cost  from  1.50  to  0.75  cts.  per  lb.,  for  columns  weighing  from  500  to  2,500 
lb.,  and  in  lots  of  at  least  six. 

Roof  Trusses. — In  lots  of  at  least  six,  the  shop  cost  of  ordinary  riveted  roof  trusses  in  which 
the  ends  of  the  members  are  cut  off  at  right  angles  is  about  as  follows:  Trusses  weighing  1,000  lb. 
each,  1. 15  to  1.25  cts.  per  lb.;  trusses  weighing  1,500  lb.  each,  0.90  to  i.oo  cts.  per  lb.;  trusses 
weighing  2,500  lb.  each,  0.75  to  0.85  cts.  per  lb.;  and  trusses  weighing  3,500  to  7,500  lb.  0.60  to 
0.75  cts.  per  lb.     Pin-connected  trusses  cost  from  o.  10  to  0.20  cts.  per  lb.  more  than  riveted  trusses. 

Eaye  Struts. — Ordinary  eave  strutv  made  of  4  angles  laced,  whose  length  does  not  exceed 
20  to  30  ft.,  cost  for  shop  work  from  0.80  to  i.oo  cts.  per  lb. 

Plate  Girders. — ^The  shop  work  on  plate  girders  for  crane  girders  and  floors  will  cost  from 
0.60  to  1.25  cts.  per  lb.,  depending  upon  the  weight,  details  and  number  made  at  one  time. 

TABLE  IV. 

Shop  Cost  of  Circular  and  Rectangular  Bins  and  Stand-Pipes,  not  Including 

Hoppers  or  Bottoms. 


ThickneM  of  Metal.  In. 

Shop  Cost  in  Cents  per  Lb.                                          | 

Water  Tight. 

Bins. 

f 

0.90 
0.85 
0.80 

0-75 

0.80 

0.7s 
0.70 

0.6? 

( 
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SHOP  COSTS  OP  BINS  AND  STAND-PIPES.— Shop  costs  for  circular  and  rectangular 
bins  and  stand-pipes  are  given  in  Table  IV,  while  shop  costs  for  bin  and  elevated  tank  bottoms 
are  given  in  Table  V.    The  shop  cost  of  towers  for  elevated  tanks  are  given  in  Table  VI. 

TABLE  V. 
Shop  Cost  op  Bottoms  por  Circular  and  Rectangular  Bins  and  Stand-Pipbs. 


ThickncM  of  Material. 
In. 

Flat  Bottom.  Cents 
per  Lb. 

Spherical  Bottom. 
Cents  per  Lb. 

Conical  Bottom.  Cents 
per  Lb. 

Hopper  Bottom.  Cents 
per  Lb. 

f 

1.50 

1-45 
1.40 

1.25 

4.00 

4.IS 
4.40 

4.50 

3.50 
3.00 

2-75 
2.50 

2.50 
2.40 
2.25 
2.00 

TABLE  VI. 
Shop  Cost  op  Towers  por  Elevated  Tanks  and  Bins. 


Weight  of  Tower  and  Btadng  in  Lb. 

Shop  Cost  in  CenU  per  Lb.                              | 

Adjustable  Bracing. 

Riveted  Bracing. 

10.000  and  less 

1.30 
1.25 
I.15 
I.IO 

1.20 
I.IO 
1.05 
1.00 

10.000  to  20.000 

20-000  to  co.ooo 

co.ooo  ana  ud 

SHOP  COSTS  OP  INDIVIDUAL  PARTS  OP  BRIDGES.— The  cost  of  fabricating  joists 
and  other  similar  members  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

Bye-Bars. — ^The  shop  cost  of  eye-bars  varies  with  the  size  and  length  of  the  bars  and  the 
number  made  alike.  The  following  costs  are  a  fair  average:  Average  shop  costs  of  bars  3  in.  and 
less  in  width  and  1  in.  and  less  in  thickness  is  from  1.20  to  1.80  cts.  per  lb.,  depending  upon  the 
length  and  size.  A  good  order  of  bars  running  2}  in.  X  }  in.  to  3  in.  X  1  in.,  and  from  16  to  20 
ft.  long,  with  few  variations  in  size,  will  cost  about  1.20  cts.  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  the  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given  in  Table 
III  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

ChordSi  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  Members 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  side,  or  two  channels  laced 
on  both  sides  cost  about  i.oo  to  0.85  cts.  per  lb.  for  pii^-connected  members  weighing  from  600 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections.  Mem- 
bers made  of  four  angles  laced  cost  from  0.80  to  i.io  cts.  per  lb.  for  members  with  riveted  ends. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles  used  without  end 
connections  should  have  their  cost  estimated  on  the  basis  of  mill  details,  which  see. 

Pins. — ^The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirements.  The 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  2.00  to  3.00  cts.  per  lb.  Rollers  will 
cost  practically  the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making  pins  and 
rollers. 

Latticed  Pence. — ^The  shop  cost  of  light  simple  latticed  fence  made  of  two  2  in.  X  2  in. 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  2.00  cts.  per  lb.;  while  the  shop 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  to 
5.00  cts.  per  lb. 

Ploorbeams  and  Stringers. — Plate  girders  used  for  floorbeams  and  stringers  will  cost  from 
0.60  to  1.25  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  time.  Floor- 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 
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SHOP  COSTS  OF  BRIDGBS  AS  A  WHOLE.— The  cost  will  be  taken  up  under  the  head 
of  pin-connected  bridges,  riveted  bridges,  plate  girder  bridges,  combination  bridge  metal,  and 
Howe  truss  metal. 

Shop  Costs  of  Pin-connected  Bridges. — ^The  shop  costs  of  pin-connected  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 


Bridges  weighing 


<« 
« 

II 
II 
II 


5,000  lb.  and  less 1.30  cts.  per  lb. 

5,000  to    10,000  lb 1.20 

10,000  to    20,000  lb i.oo 

20,000  to   40,000  lb 0.90 

40,000  to    60,000  lb 0.80 

60,000  to  100,000  lb 0.75 

100,000  to  150,000  lb 0.70 

150,000  and  up 0.65 


14 
<< 
<l 
it 
fl 
tt 


14 
II 
U 
II 
l< 
II 
II 


II 
II 
II 
II 
II 
II 
If 


These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Klveted  Truss  Bridges. — The  shop  costs  of  riveted  truss  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 


Bridges  weighing 


11 
II 
II 
II 
II 
II 
II 


5,000  lb.  and  less 1.15  cts.  per  lb. 

5,000  to    10,000  lb 1.00 

10,000  to   20,000  lb 0.90 

20,000  to   40,000  lb 0.85 

40,000  to    60,000  lb 0.75 

60,000  to  100,000  lb 0.70 

100,000  to  150,000  lb 0.65 

150,000  lb.  and  up 0.60 


These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Plate  Girder  Bridges. — ^The  shop  costs  of  plate  girder  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Spans  weighing    10,000  lb.  and  less 0.90  cts.  per  lb. 

10,000  to    20,000  lb 0.85    " 

20,000  to   40,000  lb 0.75    " 

40,000  to    60,000  lb 0.70    " 

60,000  to  100,000  lb 0.60   *' 

100,000  and  up 0.50    *' 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Tubular  Piers  and  Culverts. — ^The  shop  costs  of  steel  tubular  pier  shells  and 
steel  culvert  pipe  are  about  as  follows: 


If  If 

fl  ff 

II  II 

II  fl 

II  If 


Tubes  18  in.  to  24  in.  diameter,  i  in.  metal i.oo  cts.  per  lb. 

24  in.  to  30  in.  diameter,  i  in.  to  }  in.  metal 0.75  to  0.65    " 

30  in.  to  48  in.  diameter,  i  in.  to  }  in.  metal 0.70  to  0.60    ** 

48  in.  to  72  in.  diameter,  i  in.  to  i  in.  metal 0.65  to  0.50    " 

72  in.  and  up  |  in.  to  f  in.  metal 0.50  to  0.45    " 


If 


If 


II 


If 


If     If 


ff     If 


If     ff 


The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bracing 
and  rods  for  tubular  piers  are  included. 

Shop  Cost  of  Combination  Bridge  Metal. — Where  the  bars  and  rods  are  standard  and  the 
castings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
at  about  the  same  cost  per  pound  as  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
the  metal  in  the  combination  bridges. 
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Shop  Cost  of  Howe  Truss  Bridge  UetaL — The  shop  cost  of  highway  bridge  castinKs  made 
terns,  is  from  1.50  to  3.00  cts.  per  lb.  The  shop  costs  of  the  plates,  rods  and 
9  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

EtECnon  OF  STEEL  FRAME  OFFICE  AND  MILL  BUILDINGS  AND 
RES. — In  estimating  the  cost  of  erection  of  structural  steel  work  it  is  best  to 
o  (o)  cost  of  placing  and  bolting  steel,  and  (6)  cost  of  riveting.     The  cost  will 
at  an  average  price  of  $3.20  per  day  of  8  hours  or  40  cts.  per  hour, 
adng  and  Bolting. — The  cost  of  placing  and  bolting  mill  buildings  for  ordinary 
estimated  at  from  $6.00  to  fS.oo  per  ton.     The  cost  of  placing  and  balti:^  up 
^  may  be  estimated  at  from  $5.00  to  $9.00  per  ton.     The  cost  of  placing  and 
ns  may  be  estimated  at  from  $10.00  to  $15.00  per  ton.     The  cost  of  placing 
id  frames  may  be  estimated  at  from  $12.00  to  $18, oo  per  ton. 
iTeting. — It  will  cost  from  6  to  10  cts,  per  rivet  to  drive  f  or  }  in.  rivets  by 
framework  where  a  few  Hvcts  are  found  in  one  place.     A  fair  average  is  7  cts. 
me  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cts.  per  rivet,  with 
t.  fair  average. 
k-eting  by  hand  is  distributed  about  as  follows: 

ng  and  I  bucking  up,  at  $3.50  per  day  of  8  hours $10.50 

at  $3.00  per  day  of  8  hours 3.00 

perintendence. 1.50 

day $15.00 

work  a  fair  day's  work  driving  {  in.  or  |  in.  rivets  will  be  from  150  to  150, 
le  amount  of  scaffolding  required.     This  makes  the  total  cost  from  6  to  10  cts. 

vhen  the  rivets  are  close  together  and  little  staging  is  required  the  gang  above 
to  400  rivets  per  day.  This  makes  the  total  cost  from  about  4107  cts.  per  rivet, 
driven  by  power  riveters  for  one-half  to  three-fourths  the  above,  not  counting 
ation  and  air.  The  added  cost  for  power  and  equipment  makes  the  cost  of 
.  with  pneumatic  riveters  about  the  same  as  the  cost  of  driving  Geld  rivets  by 

>s  i  in.  and  under  can  be  driven  cold  for  about  one-half  what  the  same  rivets 

on. — Small  steel  frame  buildings  will  cost  about  $10.00  per  ton  for  the  erection 
vork,  if  trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost  of 
steel  is  about  $0.75  per  square  when  laid  on  plank  sheathing,  $1.25  per  square 

on  the  purlins,  and  $2.00  per  square  when  laid  with  anti-condensation  lining. 
Tugated  steel  siding  costs  from  $0.75  to  $1 ,00  per  square.  The  cost  of  erecting 
ops,  all  material  riveted  and  including  the  cost  of  painting  but  not  the  cost  of 
t  $8.50  to  $g.oo  per  ton.  Small  buildings  in  which  all  connections  are  bolted 
r  from  $5.00  to  $6.00  per  ton.     The  cost  of  erecting  the  structural  framework 

will  vary  from  $6.00  to  $10.00  per  ton. 

irf  Erection. — The  cost  of  erecting  the  East  Helena  transformer  building,  1897, 
I,  including  the  erection  of  the  corrugated  steel  and  transportation  of  the  men, 
ig  the  Carbon  Tipple  was  $8.80  per  ton,  including  corrugated  steel.  The  cost 
Sasin  &  Bay  State  Smelter  was  $8.30  per  ton,  including  the  hoppers  and  comi- 

recting  the  structural  steel  work  for  the  Great  Northern  Ry.  Grain  Elevator, 
in,  was  $13.25  per  ton  including  the  driving  of  all  rivets.  There  were  IO.600 
steel  work,  and  2,000,000  field  rivets,  or  nearly  3oo  field  rivets  per  ton  of  stnic- 
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Brection  of  Stractoral  Steel  for  an  Annory.* — The  structural  framework  for  the  new  airmory 
of  the  University  of  Illinois,  consists  of  three-hinged  arches  having  a  span  of  206  ft.,  and  a  center 
height  of  94  ft.  3  in.  The  arches  are  spaced  26  ft.  6  in.  centers  and  are  braced  in  pairs.  The  total 
weight  of  structural  steel  was  985  tons,  and  contained  15,400,  {  in.  and  14,900,  }  in.  or  a  total  oC 
30,300  field  rivets.  The  cost  of  erecting  the  structural  steel,  including  field  riveting  was  I9.55 
per  ton.    The  average  cost  of  driving  the  field  rivets  was  13.1  cts.  each. 

COST  OF  ERECTION  OP  STEEL  BRIDGES.— The  cost  of  erection  ordinarily  includes: 
(i)  the  cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
placing  of  the  steel  in  position;  (3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  steel  and 
the  woodwork. 

Hauling. — ^Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
mile,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
particular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  oC 
the  teams  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
upon  the  local  conditions,  but  will  ordinarily  be  from  25  to  50  cts.  per  ton.  For  railroad  bridges 
the  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

Falsework. — If  piles  are  to  be  used  the  cost  should  be  carefully  estimated.  The  cost  of  the 
piles  in  place  will  vary  with  the  cost  of  piles  and  local  conditions.  Under  ordinary  conditions 
piles  in  falsework  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
depend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
in  highway  bridges,  and  ties  and  guard  timbers  in  railway  bridges  can  often  be  used  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timber  in  the  falsework  will  ordinarily  be 
from  $6.00  to  $8.00  per  thousand  ft.  B.  M. 

Erection  of  Tubular  Piers. — The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
upon  the  conditions.  Tubes  36  in.  in  diameter  and  20  ft.  long  have  been  set  in  favorable  locations 
for  $25.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is, 
however,  not  safe  to  estimate  the  cost  of  setting  tubes  from  36  to  48  in.  in  diameter  under  even 
favorable  conditions  at  less  than  $2.00  per  lineal  foot  of  tube.  When  the  cost  of  setting  tubes  ia 
estimated  by  weight,  it  should  be  figured  at  from  $15.00  to  $20.00  per  ton,  for  ordinary  conditions.. 
It  will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
of  the  piles,  which  will  vary  from  10  to  20  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
from  $6.00  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 

Placing  and  Bolting. — The  cost  of  placing  and  bolting  up  riveted  highway  spans,  and  erecting 
pin-connected  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Highway  spans  from    30  to    60  ft $12.00  to  $15.00  per  ton. 

"  "        "       60  to  100  ft 10.00  to    12.00   "      " 

"  "        "     100  to  150  ft 9.00  to    10.00   "      " 

"  "        "     150  ft.  and  up 8.00  "      " 

The  cost  of  placing  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
ditions and  equipment  that  it  is  difficult  to  give  general  costs. 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  vary  from  7  to  12  cts.  per  rivet, 
while  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts.  per  rivet.  The 
number  of  rivets  in  riveted  low  truss  highway  bridges  depends  upon  the  number  of  panels  and 
the  style  of  details,  and  will  be  about  155  to  200  for  a  three-panel  bridge,  and  400  to  500  for  a 
six-panel  bridge.  The  number  of  rivets  in  through  riveted  highway  bridges  will  be  about  250  to 
300  for  a  four-panel  bridge,  and  1,300  to  1,500  for  a  nine-panel  bridge.  Pin-connected  bridges 
ordinarily  have  about  i  to  )  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 

The  approximate  number  of  field  rivets  in  single  track  railway  bridges,  designed  for  E  55 
loading,  are  given  in  Table  VII. 

•  Engineering  and  Contracting,  Aug.  6,  1913. 
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TABLE  VIL 

Number  of  Field  Rivets  in  Railway  Bridges,  Single  Track,  E  55  Loading. 

(Harriman  Lines.) 


Plate  Girders. 

Through  Truss  Bridges.                             { 

Deck. 

Through. 

Riveted. 

Pin-Connected. 

Span.  Ft. 

Number  of 
Fieid  Rivets. 

Span.  Ft. 

Number  of 
Field  RiveU. 

Span.  Ft. 

Number  of 
Field  RiveU. 

Span.  Ft. 

Number  of 
Field  Rivets. 

30 
40 

60 

70 
80 

90 
100 

100 
200 
300 
400 
500 
500 
500 
600 

30 
40 

60 

70 
80 

90 
100 

600 
1,200 
1,300 
1,700 
1,900 
2,000 
2,200 
2,400 

100 
IIO 
I2S 
140 
ISO 

2,900 
2,900 
4»30O 
5,300 
S,6oo 

ISO 
160 
180 
200 

2,800 
3,000 
3,200 
3,200 

The  field  rivets  on  the  20th  St.  Viaduct,  Denver,  Colorado,  cost  7  cts.  each.  The  rivets 
were  driven  by  air  riveters. 

Actual  Costs  of  Erectiiig  Railway  Bridges. — ^The  cost  of  erecting  railway  bridges  on  the  A.  T. 
&  S.  F.  Ry.  in  1907  are  given  in  the  report  of  the  Assoc,  of  Ry.  Supt.  of  B.  &  B.  as  follows: — 

Trusses,  984  tons  erected,  cost  $4.63  per  ton. 

Plate  Girders,  2,784  tons  erected,  cost  $5.49  per  ton. 

I-Beams,  2,837  tons  erected,  cost  $2.88  per  ton. 
All  girders  and  I-beams  were  erected  with  a  steam  wrecker  and  the  through  spans  with  a  derrick 
car.  The  reason  for  the  plate  girders  costing  more  to  erect  than  the  through  trusses  was  that 
many  of  the  plate  girders  were  on  second  track  where  the  old  g^irders  had  to  be  cut  a|>art  and  moved 
to  the  outside  and  heavier  girders  put  in  their  place.  All  rivets  were  driven  by  hand.  For  addi- 
tional examples  of  actual  costs,  see  Gillette's  "Cost  Data." 

Transportatioii. — Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate**  when 
shipped  in  car  load  lots,  and  a  "fourth-class  rate'*  when  shipped  "local"  (in  less  than  car  load 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,000  lb. 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shipping 
clerk  should  be  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that 
the  car  may  be  properly  loaded. 

Freight  Rates. — ^The  freight  rates  (1913)  on  finished  steel  products  in  car  load  shipments  from 
the  Pittsburgh  District,  including  plates,  structural  shapes,  merchant  steel  and  iron  bars,  pipe 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  black  sheets  (except 
planished),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  16;  Buffalo, 
II;  Boston,  18;  Baltimore,  I4§;  Cleveland,  10;  Columbus,  12;  Cincinnati,  15;  Chicago,  18;  Denver, 
Colo.,  85 i;  Harrisburg,  14 J;  Louisville,  18;  New  York,  16;  Norfolk,  20;  Philadelphia,  15;  Rochester, 
li§;  Richmond,  20;  Scranton.  15;  St.  Louis,  23;  Washington,  14 J. 

COST  OF  PAINTING. — The  amount  of  materials  required  to  make  a  gallon  of  paint 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  VIII.  Structural  steel 
should  be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  paint 
at  the  shop;  and  two  coats  of  first-class  fkaint  after  erection.  The  two  field  coats  should  be  of 
different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dry  before  applying  the  second 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every  three 
or  four  years. 

The  steel  work  in  the  extension  to  the  i6th  St.  Viaduct,  Denver,  Colo.,  was  painted  with  red 
lead  paint  mixed  in  the  following  proportions, — 100  lb.  red  lead,  2  lb.  lamp-black  and  4.125  gallonsj 
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of  linseed  oil.    This  mixture  made  6  gallons  of  mixed  paint  of  a  chocolate  color,  and  gave  i  .455 
gallons  of  paint  for  each  gallon  of  oil. 

TABLE  VIII. 

Average  Surface  Covered  per  Gallon  of  Paint. 

Pencoyd  Hand  Book. 


Paint. 


Iron  oxide  (powdered) . . . . 
Iron  oxide  (ground  in  oil) . 

Red  lead  (powdered) 

White  lead  (ground  in  oil) 
Graphite  (ground  in  oil) . . 

Black  asphalt 

Linseed  oil  (no  pigment) . . 


Volume  of  Oil. 


I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal.  (turp.) 

I  gal. 


Pounds  of 
Pigment. 


8.00 

22.40 
25.00 
12.50 
17.50 


Volume  and 

Weight  of 

Paint. 


Gal.        Lb. 


1.2 
2.6 

1.7 
2.0 

4.0 


16.00 

3275 
30.40 

33-00 
20.50 

30.00 


Square  Feet. 


I  Coat. 


600 
630 
630 
500 
630 

5JS 
875 


2  Coats. 


350 

375 

375 
300 

350 
310 


Light  structural  work  will  average  about  250  sq.  ft.,  and  heavy  structural  work  about  150 
sq.  ft.  of  surface  per  net  ton  of  metal,  while  No.  20  corrugated  steel  has  2,400  sq.  ft.  of  surface. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  }  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Chicago  are  (1914)  about  as  follows: 
Linseed  oil,  50  to  60  cts.  per  gal.;  iron  oxide,  i  to  2  cts.  per  lb.;  red  lead,  7  to  8  cts.  per  lb.;  white 
lead,  6  to  7  cts.  per  lb.;  graphite,  6  to  10  cts.  per  lb. 

A  good  painter  should  paint  1,200  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft.  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  mixed  with  30  lb.  of  lead  to  the  gallon 
of  oil  will  take  fully  twice  as  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  applying 
paint  is  roughly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  depending  on  the 
spreading  qualities  of  the  paint.  This  rule  makes  the  cost  of  applying  a  red  lead  paint  with  30  lb. 
of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite  paint, 
per  ton  of  structural  steel.     For  additional  data  on  paints,  see  Chapter  XV. 

MISCELLANEOUS  COSTS.— The  following  approximate  costs  will  be  of  value  in  making 
preliminary  estimated.  The  cost  of  construction  depends  so  much  upon  local  conditions  that 
average  costs  should  only  be  used  as  a  guide  to  the  judgment  of  the  engineer. 

MILL  BUILDING  FLOORS. — ^The  following  costs  are  for  floors  resting  on  a  good  compact 
soil  and  do  not  include  unusual  difficulties. 

Timber  Floor  on  Pitch-Concrete  Base.— The  cost  varies  from  about  $1.25  per  sq.  yd.  for  a 
2-in.  pine  sub-floor  and  a  {-in.  pine  finish,  to  about $1.75  per  sq.  yd.  for  a  2-in.  pine  sub-floor  and  a 
{•in.  maple  finish. 

Concrete  Floor  on  Gravel  Sub-base.— The  cost  varies  from  $1.25  to  $2.00  per  sq.  yd. 

Creosoted  Timber  Block  Floor. — Creosoted  timber  blocks  3  in.  to  4  in.  thick,  laid  on  a  6-in. 
concrete  base,  will  cost  from  $2.50  to  $3.50  per  sq.  yd. 

ROOFING  FOR  MILL  BUILDINGS.— The  following  costs  include  the  cost  of  materials 
and  the  cost  of  laying,  but  do  not  include  the  cost  of  the  sheathing. 

Corrugated  Steel  Roofing. — ^The  weight  of  corrugated  steel  roofing  and  siding  may  be  ob- 
tained from  Table  I,  Chapter  I.  The  price  of  corrugated  steel  may  be  obtained  from  current 
quotations  in  Engineering  News  or  Iron  Age.  The  cost  of  laying  corrugated  steel  is  aljput  $0.75 
per  square  when  laid  on  plank  sheathing,  $1.25  per  square  when  laid  directly  on  the  purlins,  and 
$2.00  per  square  when  laid  with  anti-condensation  lining.  The  erection  of  corrugated  siding 
costs  from  to.75  to  f  i.oo  per  square.    Asbestos  paper  costs  from  3 J  to  4  cts.  per  lb.    Galvanized 
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wire  netting,  No.  19,  costs  25  to  30  cts.  per  square  of  100  sq.  ft.  Brass  wire,  No.  20,  costs  about  20 
cts.  per  lb.  No.  9  galvanized  wire  costs  about  3  cts.  per  lb.  For  trimmings,  flashing,  ridge  roll, 
etc.,  add  i  ct.  per  lb.  to  the  base  price  of  corrugated  steel. 

Tar  and  Gravel  Roofing. — Four-  or  five-ply  tar  and  gravel  roofing,  for  average  conditions, 
costs  from  $3.75  to  $4.00  per  square,  not  including  sheathing.  Five  hundred  squares  of  5-ply 
tar  and  gravel  roofing,  in  191 2,  in  the  middle  west,  cost  $3.93  per  square,  not  including  sheathing. 

Tin  Roofing. — ^Tin  roofing  costs  from  $7.00  to  $9.00  per  square,  not  including  sheathing. 

Slate  Roofing. — Slate  roofing  costs  from  $7.00  to  $12.00  per  square,  not  including  sheathing. 

Tile  Roofing. — ^The  cost  of  tile  roofing  is  variable,  depending  upon  style  of  roof  and  location 
and  local  conditions,  and  may  vary  from  $13.00  to  $30.00  per  square,  not  including  sheathing. 

WINDOWS. — Windows  with  wooden  frames  and  sash,  and  double  strength  glass,  will  cost 
from  25  to  50  cts.  per  sq.  ft.  of  opening.  Windows  with  metal  frames  and  sash  and  wire  glass, 
will  cost  from  45  to  55  cts.  per  sq.  ft.  of  opening. 

SKYLIGHTS. — Skylights  with  metal  frames  and  sash  and  wire  glass,  will  cost  from  50  to 
60  cts.  per  sq.  ft.  Skylights  made  of  translucent  fabric  stretched  on  wooden  frames,  will  cost 
from  25  to  30  cts.  per  sq.  ft.     Louvres  without  frames,  will  cost  about  25  cts.  per  sq.  ft. 

CIRCnLAR  VENTILATORS. — Circular  ventilators  will  cost  about  as  follows: — 12-in., 
$2.00;  i8-in.,  $6.75;  24-in.,  $10.00;  36-in.,  $15.00  each,  when  ordered  in  lots  of  at  least  six. 

ROLLING  STEEL  SHUTTERS. — Rolling  steel  shutters  will  cost  $0.75  to  $1.00  per  sq.  ft. 

WATERPROOFING. — The  following  costs  for  waterproofing  engineering  structures  are 
taken  from  the  Proceedings  of  the  American  Railway  Engineering  Association,  Vol.  12,  191 1. 
(i)  Bridge  floor,  6-ply  felt  and  pitch,  I2§  cts.  per  sq.  ft.,  including  protection  over  waterproofing. 
(2)  Trough  bridge  floor,  4-ply  burlap  and  asphalt,  10  to  i6i  cts.  per  sq.  ft.  (3)  Bridge  floor,  3-ply 
burlap  and  asphalt,  and  asphalt  mastic,  16  cts.  per  sq.  ft.  (4)  Concrete  slab  bridge  floor,  5-ply 
felt,  I -ply  burlap  and  pitch,  15  J  cts.  per  sq.  ft.,  including  a  10  year  guarantee. 

MISCELLANEOUS  MATERIALS.— The  following  prices  are  for  small  lots,  f .o.b.  Pittsburgh 

(May,  1914)- 

Chain. — ^Standard  chain,  A  in.,  7}  cts.  per  lb.;  }  in.,  3  cts.  per  lb.;  i  in.,  2.6  cts.  per  lb. 
For  BB  chain,  add  1}  cts.  per  lb.,  and  for  BBB  chain,  add  2  cts.  per  lb. 

Nails. — Base  price  of  nails,  $2.00  per  keg  of  100  lb. — 2od  to  60  d  nails  are  base;  for  lod  to 
i6d,  add  5  cts.  per  keg;  for  8d  and  9d,  add  10  cts.  per  keg;  for  6d  and  7d,  add  20  cts.  per  keg; 
for  4d  and  5d,  add  30  cts.  per  keg;  for  3d,  add  45  cts.  per  keg,  and  for  2d,  add  70  cts.  per  keg. 

Gas  Pipe. — Gas  pipe  costs  about  as  follows: — Standard  gas  pipe  i  in.  diam.,  black,  3}  cts. 
per  ft.,  glavanized,  5  cts.  per  ft.;  2  in.  diam.,  black,  7}  cts.  per  ft.,  galvanized,  11  cts.  per  ft.;  3  in. 
diam.,  black,  i6i  cts.  per  ft.,  galvanized,  23  cts.  per  ft. 

Steel  Railroad  Rails. — Bessemer  rails,  $28  per  gross  ton  (2240  lb.);  open-hearth,  $30  per 
gross  ton. 

Wilt  Rope. — ^The  cost  of  steel  wire  rope  is  about  as  follows: — f  in.  rope,  10  cts.  per  lineal  ft.; 
i  in.  rope,  13  cts.  per  lineal  ft.;  i  in.  rope,  20  cts.  per  lineal  ft.;  i§  in.  rope,  45  cts.  per  lineal  ft. 

Manila  Rope. — Manila  rope  costs  about  12)  cts.  per  lb.     Sisal  rope  costs  about  9  cts.  per  lb. 

HARDWARE  AND  BftACHINISTS  SUPPLIES.— Prices  of  hardware  and  machinists 
supplies  are  for  the  most  part  quoted  by  giving  a  discount  from  standard  list  prices.  The  "  Iron 
Age  Standard  Hardware  Lists,"  price  $2.00,  may  be  obtained  from  the  Iron  Age  Book  Department, 
239,  W.  39th  St.,  New  York.  Discounts  from  these  standard  lists  are  given  each  week  in  Iron 
Age.  The  base  prices  of  structural  materials  are  given  in  the  first  issue  of  each  month  of  Engineer- 
ing News,  and  are  given  in  each  issue  of  Iron  Age. 

REFERENCES. — For  detailed  estimates  of  steel  mill  buildings  and  additional  data  on  the 
cost  of  steel  mill  buildings  see  the  authors  "  The  Design  of  Steel  Mill  Buildings."  For  detailed 
estimates  of  steel  highway  bridges  and  additional  data  on  the  cost  of  steel  highway  bridges,  see 
the  author's  "  The  Design  of  Highway  Bridges."  For  data  on  the  cost  of  retaining  walls,  bins  and 
grain  elevators,  see  the  author's  '*  The  Design  of  Walb,  Bins  and  Grain  Elevators."  For  data 
on  the  cost  of  steel  head  frames,  coal  tipples,  and  other  mine  structures,  see  the  author's  "  The 
Design  of  Mine  Structures." 


CHAPTER  XIV. 
Erection  of  Structural  Steel. 

METHODS  OF  ERECTION.— The  method  used  in  erecting  a  steel  structure  will  depend 
upon  the  type  of  structure,  the  size  of  the  structure,  the  risk  to  be  taken,  as  in  bridge  erection, 
whether  the  structure  is  to  be  erected  without  interfering  with  traf&c,  as  in  erecting  a  railroad 
bridge  to  replace  an  existing  structure,  or  in  erecting  a  building  over  furnaces  or  working  machinery, 
the  available  tools,  and  local  conditions.  The  tendency  of  modem  structural  steel  erection 
practice  is,  as  far  as  possible,  to  use  derrick  cars  for  erecting  railway  bridges  and  locomotive  cranes 
for  erecting  mill  buildings  and  other  structures. 

The  methods  of  erection  that  may  be  used  for  erecting  different  steel  structures  are  as  follows. 

Plate  Girders  and  Short  Riveted  Spans. — Plate  girders  up  to  about  60  ft.  span  are  very 
commonly  riveted  up  complete  with  cross  frames  and  bracing,  either  at  the  shop  or  at  the  site,  and 
are  placed  in  position  on  the  abutments.  With  plate  girders  longer  than  60  ft.  and  short  riveted 
trusses  one  girder  or  truss  is  placed  in  position  at  a  time  and  the  floorbeams  and  bracing  are  put 
in  place  after  the  girders  or  trusses  are  in  place.  The  girders  or  trusses  may  be  swung  into  place 
by  a  stiff-leg  derrick  or  a  guy  derrick  set  up  alongside  the  track  or  back  of  the  abutment  where 
there  is  no  track;  by  a  derrick  car,  or  may  be  hoisted  into  place  by  a  gin  pole.  Where  falsework 
has  been  placed  girders  are  picked  up  from  the  cars  by  two  gallows  frames,  one  near  each  end  of  the 
span,  or  by  one  gallows  frame  and  a  derrick.  Plate  girders  may  also  be  put  in  place  by  sliding 
into  place  either  longitudinally  or  transversely,  or  by  jacking  and  cribbing. 

Trass  Bridges. — Riveted  trusses  up  to  a  span  of  100  to  125  ft.  may  be  riveted  up  on  the 
bank  and  be  swung  into  place  by  a  boom  traveler  or  a  derrick.  The  floorbeams  and  bracing 
are  then  put  in  place  and  the  span  riveted  up.  Where  falsework  is  required  the  bridge  may  be 
erected  by  a  gantry  or  outside  traveler  placed  outside  of  the  trusses,  by  a  boom  traveler  running 
on  a  track  placed  inside  the  trusses,  or  by  a  derrick  car.  The  gantry  or  outside  traveler  is  com- 
monly used  for  long  spans  and  for  highway  spans  where  no  tracks  are  available.  The  boom 
traveler  is  commonly  used  for  elevated  railway  and  highway  viaducts.  The  derrick  car  is  now 
commonly  used  for  erecting  railway  bridges  and  is  sometimes  used  for  erecting  viaducts. 

Cantilever  Bridges. — Cantilever  bridges  are  commonly  erected  by  means  of  an  overhang 
traveler  running  on  the  completed  portion,  the  structure  being  built  out  from  the  shore.  Canti- 
lever bridges  are  sometimes  erected  on  falsework  in  the  same  manner  as  simple  trusses. 

Arch  Bridges. — ^Arches  may  be  erected  on  falsework  in  the  same  manner  as  simple  truss  spans, 
or  may  be  cantilevered  out  from  each  abutment,  the  cantilever  being  supported  by  temporary 
cables  running  over  a  tower  placed  back  of  the  abutments. 

Hic^  Viadocts. — High  steel  viaducts  are  commonly  erected  by  means  of  an  overhang  or 
boom  traveler  running  on  a  track  on  top  of  the  viaduct  girders.  The  overhang  or  boom  is  long 
enough  to  place  a  tower  in  advance  with  the  traveler  on  the  completed  portion.  Derrick  cars 
have  also  been  used  for  erecting  high  steel  viaducts.  The  towers  and  the  girders  may  be  erected 
by  means  of  gin  poles.  The  tower  bents  may  be  bolted  up  before  raising  or  may  be  erected  and 
bolted  up  in  place. 

Roof  Trasses,  Mill  and  Office  Buildings. — Where  there  is  sufficient  room,  roof  trasses  up 
to  150  ft.  span  may  be  riveted  or  bolted  up  on  the  ground  and  may  then  be  raised  into  position 
by  means  of  one  or  two  gin  poles.  Two  gin  poles  should  be  used  for  long  trasses.  Care  should 
be  used  not  to  cripple  the  lower  chord.  With  light  trasses,  the  lower  chord  members  should  be 
stiffened  by  means  of  timbers  or  other  stiff  members  temporarily  bolted  or  lashed  to  the  member. 
Columns  and  beams  in  office  buildings  may  be  erected  with  stiff-leg  or  guy  derricks,  or  "A" 
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derricks  may  be  used  tor  loads  up  to  5  tons.  The  bents  of  steel  mill  buildings  may  be  erected  ia 
the  same  manner.  Roof  arches  and  train  sheds  are  sometimes  erected  by  means  of  faleework, 
which  is  moved  as  the  erection  proceeds.    Boom-tower  derricks  running  on  tracks  are  found 


(a)  Crab  (b)  WmcH 


■HeaS 


(c)  Derrick  Crab  (d)  Hoistins  Engine 

Fig.  I.    Hoists  for  Steel  Ekection. 

■very  convenient.     Locomotive  cranes  are  now  used  for  erecting  mill  buildings  and  umilar  stnic- 
tures  where  tracks  are  available. 

Elevated  Towet«  and  Tanks. — The  towers  for  high  tanks  are  commonly  erected  by  means 
of  a  gin  pole.  A  gin  pole  long  enough  to  erect  the  entire  tower  may  be  used,  or  short  gin  poles 
may  be  lashed  to  the  part  of  the  tower  already  erected;  the  gin  poles  being  moved  upas  the  erection 
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proceeds.  Steel  tanks  are  commonly  erected  from  a  movable  platform  suspended  inside  the 
tank.     A  movable  swinging  platform  for  the  riveters  is  also  swung  outside  of  the  tank. 

EKBCTION  TOOLS. — The  toob  and  appliances  used  in  the  erection  of  structural  steel  vary 
so  much  that  it  will  only  be  possible  to  give  a  brief  summary  together  with  data  not  ordinarily 
available.  Many  of  the  tools  and  appliances  used  in  the  erection  of  structural  steel  are  of  standard 
contruction  and  may  be  purchased  direct  from  dealers,  so  that  a  detailed  description  b  not  neces- 
sary. 

Design  of  Erection  Tools. — For  the  design  of  hoists,  derricks,  cranes,  crane  hooks,  and  other 

toob  used  in  bridge  erection,  see  Hess's  "  Machine  Design,  Hoists,  Derricks,  Cranes,"  published 
by  J.  B.  Lippincott  Company. 

Hoists. — Hobting  engines  may  have  the  boilers  attached  or  may  be  detached.  A  self-con- 
tained steam  hoisting  engine  b  shown  in  Fig.  i.  Gasoline  or  electric  power  may  be  used  to 
advantage  where  available.  For  light  hoisting  the  4-spool  engine  b  commonly  used.  Data  for 
the  standard  hoisting  engines  used  by  the  American  Bridge  Company  are  given  in  Table  I. 

Winches  and  Crabs. — For  light  hoisting  winches  or  crabs  operated  by  hand  power  may  be 
used.  A  crab  is  attached  to  the  mast  or  boom,  while  a  winch  is  self-contained.  Views  of  a  crab 
and  of  a  winch  are  shown  in  Fig.  i. 

HOISTING  ROPE. — Either  manila  rope  or  wire  rope  may  be  used  for  hoisting. 

^■"<l«  Rope. — Only  the  very  best  new  manila  rope  should  be  used  for  hoisting,  as  manila 
rope  rapidly  deteriorates  when  used  and  commercial  manila  rope  varies  greatly  in  strength.  The 
weight,  ultimate  strengths  and  safe  working  loads  for  manila  rope  are  given  in  Table  II.  Working 
loads  with  a  factor  of  safety  of  three  should  only  be  used  with  new  rope  of  the  best  quality. 

TABLE  I. 
Standard  Hoisting  Engines.    American  Bridge  Company. 


Ordinary 
Rated 
H.P. 

LeadUne 

Pull 

Single  Line 

Average 

Speed.  Lb. 

Weight 

with  Boiler. 

Lb. 

Drums. 

Spools. 

Sixe. 

In. 

BoileiB. 

Bed. 

Diam.. 
In. 

Length. 
In. 

Diam.. 
In. 

Length. 
In. 

Width.  Length. 
Ft-In.     Ft-In. 

Double  Drum, 

4  Spool 

Double  Drum, 

,iSpool 

6  Spool 

8  Spool 

20  H.  P. 

35  H.  P. 
45  H.  P. 
60  H.P. 

5,000 

9,000 
12,000 

15,000 

12,000 

15,000 

22,000 
30,000 

14 

14 
16 

16 

26 

30 
34 

17 

19 
22 

22 

42 

46 
50 
54 

96 

108 
108 
108 

5-0 

6-0 
7-0 
8-0 

8-0 

lO-O 
II-O 
12-0 

TABLE  II. 

Manila  Rope.    Ultimate  Strength,  Weight  and  Working  Stress  of  Best 

Manila  Rope. 


Diameter.  In. 


i 

! 

I 

ij 
Ij 
I' 

2 
2i 

3 


Circumference 
of  Rope.  In. 


1-57 
2.37 

2'7S 
3.14 
3.93 
4.71 
5.50 

6.28 
7.86 

94* 


Weight  100  Ft. 
Rope.  Lb. 


7 
17 

24 

28 

46 

64 

84 

115 

175 
252 


Ultimate 
Strength.  Lb. 


1,800 

4»0CO 

5. 400 

7,200 

11,200 

16,000 

21,600 

28,500 

45,000 

64,200 


Working  Load  for  Derricks. 


Used  Rope, 
Factor  of  6,  Lb. 


300 

670 

900 

1,200 

1,870 

2,670 

3»6oo 

4,750 

7,500 

10,700 


New  Rope, 
Factor  of  3.  Lb. 


600 

1,340 
1,800 
2,400 
3,740 
5,340 
7,200 
9,500 
15,000 
21,400 


Minimum  Size 
of  Drum  or 
Sheave,  In. 


8 

10 
12 

H 
16 
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Knots  in  Manila  Rope. — In  a  knot  no  two  parts  which  lie  alongside  of  each  other  should 
move  in  the  same  direction  in  case  the  rope  were  to  slip.  A  few  of  the  more  common  knots  are 
shown  in  Fig.  2  which  has  been  taken  from  C.  W.  Hunt  Company's  book  on  "  Manila  Rope." 


1.  Bight  of  a  rope. 

2.  Simple  or  Overhang  Knot. 

3.  Figure  8  Knot. 

4.  Double  Knot. 

5.  Boat  Knot. 

6.  Bowline,  first  step. 

7.  Bowline,  second  step. 

8.  Bowline,  completed. 

9.  Square  or  Reef  Knot. 

10.  Sheet  Bend  or  Weaver's  Knot. 

11.  Sheet  Bend  with  a  toggle. 

12.  Carrick  Bend. 

13.  "Stevedore"  Knot  completed. 

14.  "Stevedore"  Knot  commenced. 

15.  Slip  Knot. 


16.  Flemish  Loop. 

17.  Chain  Knot  with  toggle. 

18.  Half-hitch. 

19.  Timber-hitch. 

20.  Clove-hitch. 

21.  Rolling  hitch. 

22.  Timber-hitch  and  Half -hitch. 

23.  Black-wall-hitch. 

24.  Fisherman's  Bend. 

25.  Round  Turn  and  Half-hitch. 

26.  Wall  Knot  commenced. 

27.  Wall  Knot  completed. 

28.  Wall  Knot  Crown  commenced. 

29.  Wall  Knot  Crown  completed. 


"The  bowline  7  is  one  of  the  most  useful  knots;  it  will  not  slip,  and  after  being  streuned  is 
easily  untied.  Commence  by  making  a  bight  in  the  rope,  then  put  the  end  through  the  bight 
and  under  the  standing  part  as  shown  in  Fig.  2,  then  pass  the  end  again  through  the  bight,  and 
haul  tight. 

"The  square  or  reef  knot  9  must  not  be  mistaken  for  the  'granny'  knot  that  slips  under  a 
strain.  Knots  8,  10  and  13  are  easily  untied  after  being  under  strain.  The  knot  13  is  useful 
when  the  rope  passes  through  an  eye  and  is  held  by  the  knot,  as  it  will  not  slip,  and  is  easily  untied 
after  being  strained. 

TABLE  III. 

Crucible  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads  of 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Diameter. 
In. 


i 

A 
J 

f 

I 


li 


Approximate 
Circumference. 

In. 


Il 
I; 

I] 

1\ 

2 


Weight  per 
Ft..  Lb. 


0.22 
0.30 
0.39 
0.50 
0.62 
0.89 
1.20 
1.58 
2.00 
2.45 
3.00 

3-55 


Approximate  Break- 
ing ^ren.  Lb. 


10,000 

13,600 

17,600 

22,000 

27,200 

38,800 

52,000 

68,000 

84,000 

100,000 

124,000 

144,000 


Safe  Working  Stress 

for  Derricks.  Factor 

of  4.  Lb. 


2,500 
3»400 
4,400 
5,500 
6,800 

9»70o 
13,000 
17,000 
21,000 

25,000 
31,000 
36,000 


Minimum  Size  of  Drum  or 

Sheave. 

Derricks, 

In. 

Rapid  Hoist- 
ing. In. 

6 

12 

7i 

15 

9 

18 

10 

21 

12 

27 

14 

36 

18 

42 

20 

48 

22 

54 

H 

60 

27 

66 

30 

69 

"The  timber-hitch,  19,  looks  as  though  it  would  give  way,  but  it  will  not;  the  greater  the 
strain  the  tighter  it  will  hold.  The  wall  knot  looks  complicated;  but  is  easily  made  by  pro- 
ceeding as  follows:  Form  a  bight  with  strand  a  and  pass  the  strand  b  around  the  end  of  it,  and 
the  strand  c  around  the  end  of  6,  and  then  through  the  bight  of  a,  as  shown  in  the  engraving  26. 
Haul  the  ends  taut,  when  the  appearance  is  as  shown  in  27.    The  end  of  the  strand  a  is  now  laid 
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25      24 


27      28        29 


50  5f  32 

Fig.  2.    Knots  in  Manila  Rope. 
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over  the  centre  of  the  knot,  strand  b  laid  over  a,  and  c  over  b,  when  the  end  of  £  is  passed  through 
the  bight  of  a,  as  shown  in  28.     Haul  all  the  strands  taut,  as  shown  in  29." 
The  efHciency  of  a  knot  will  vary  from  45  to  75  per  cent. 


TABLE  IV. 

Plough  Steel  Hoisting  Rope.    Weight,  Ultimate  Strength  and  Working  Loads  of  Wire 
Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand. 


Diameter, 
In. 


i 


I. 


Approxiixiate 

Circumference, 

In. 


1\ 
ij 
l[ 

Ij 

2 

H 

It 


Weight  per 
Foot,  Lb. 


0.22 
0.30 
0.39 
0.50 
0.62 
0.89 
1.20 
1.58 
2.00 

2.45 
3.00 

3.5s 


Approximate 

Breaking 

StreM,  Lb. 


11,500 
16,000 
20,000 
24,600 
31,000 
46,000 
58,000 
76,000 

94,000 
116,000 

144,000 

164,000 


Safe  Working  Stress 

for  Derricks, 

Factor  of  4,  Lb. 


2,870 

4,000 

5,000 

6,150 

7,750 

11,500 

14,500 

19,000 

23,500 

29,000 

36,000 

41,000 


Minimum  Size  of  Drum 
or  Sheave. 


Derricks,  In. 


9 
io| 

12 
14 

\t 

18 
20 

H 

28 

32 
36 


Rapid  HoJsdai. 
In. 


18 
21 

H 

27 

33 

39 

48 

54 
60 

7i 
81 

84 


TABLE  V. 
Data  on  Wooden  Blocks  for  Manila  Rope.    American  Bridge  Company. 


Tsrpe  of  Block. 


Single  with  hook 

Double  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle  . 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle. 

Single  with  hook 

Double  with  hook 

Triple  with  hook 

Quadruple  with  shackle. 

16"  snatch  block 

20"  snatch  block 


Nomi- 
nal 

Sse, 
In. 


8 
8 

12 
12 
12 

14 
14 
14 
14 

16 
16 
16 
x6 

20 
20 
20 
20 
16 
20 


Width 

of  SheU. 

In. 


lOj 

Hi 
11} 

iij 
11} 

>4 
«4 
14 
14 

8i 
9J 


ThlrlmfM       Ca- 
of  Block,     padty. 
In,  Tom. 


St 

5| 
8| 

lit 
6 

1 

131 

i6i 

6J 
loj 

i7i 

I2f 

2ii 

5 
6i 


2 
4 

5 

7 
8 

6 
10 
12 

14 

8 
12 

15 
20 

15 

22 

30 
35 

5 
8 


Sbeof  Line,  In. 


:! 

ij 
It 

1{ 

1} 


I 

I 
I 
I; 


2  or  2* 
2  or  2I 
2  or  2I 
2  or  2t 
i  or  li  or  ij 
1}  or  i}or2or2j 


Outside 

Diameter 

ai  Slieave. 

In. 


jt 

7 
7\ 

9 
9 
9 
9 

loi 
loi 

12J 

12J 
12* 

124 

8 

9 


Weigbt. 
Lb. 


15 

20 

45 
70 
95 

70 

"5 
ISO 

190 

90 
140 

190 
270 

170 
230 
360 

430 
50 
95 


Wire  Rope. — ^Wire  hoisting  rope  is  now  used  for  heavy  hoisting  and  in  all  cases  where  prac- 
ticable.   Wire  rope  is  much  more  reliable,  gives  much  greater  service,  and  is  much  more  eco- 
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nomicat  and  satisfactory  than  mamla  rape.     Data  on  crucible  cast  steel  hoisting  rope  are  given 
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(s)  (t)  (c)  Cd> 

Block  with  Smi^EL  Hook  Block  with  Shackle 

STEEL  SHEAVE  BLOCKS  FOR  iVKE  ROPE 


(e)  (n  Cj)  (h) 

WOODEN  Sheave  Block  with  Becxet     Shatch  Blocks  mm  Hooks 


m 
FallLiheBau 


O'l 


Weishted  Sheave 
Block 

Fig.  3.     Blocks  for  Hoisting. 


(k)  CD 

Stkap  Sheave  Blocks 
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XLifb 
Tons 


10 


20 


iO 


40 


60 


Le9cfUne 
PuihLbs 


5,700 


8,300 


!0,600 


10,700 


Rigging 
fmre  Rope 


4P3rds 
Dot/bie 


fiK 


\ 


Triple 

SParts 
Triple 


t 


^3</ruphOs.   yO^/pA 


Quadruple  ^ 
S/brts    \ 


4  Pahs    \ 
Double  Nd 


Xylhvb/e 
6  Parts 
Triple 


H) 


\ 


S  Parts 
Quadrupti 


/3P^   I 
eSbeayeX. 


Lift  Leadline 


Jans 


10 


20 


50 


40 


60 


P^i-lbs- 


7,500 


a,  000 


13,800 


15,000 


19,000 


Rigging 
fmr^  Rope 


8eubie 

3  Parts 
Single 


\ 


Triple 
6  Parts 
Triple 


fiK 


1 


ifttadrupleO>^ 
8  Parts    I 
Qaadruple  C 


yOShgieC 

3Rarts   \ 
Single  \j 


/OSingle 


4Parts 


Ihiftle 


\- 


\ 


/Ol^lev^ 
ePa^  \ 
Triple 


\y 


/CyTriple 
8  Paris. 
Quadruple 


IIP»rta    I 


Uft 


Tons  Pi///-U>s- 


10 


20 


iO 


40 


60 


Leadline 


7,400 


9,800 


//,  700 


13,400 


16,600 


Double 
3  Parts 
Single 


fK 


I 


Triple     CX 
SParts   \ 
Double    C 


Quadruple 
7  Parts 
Triple 


FN 


/O^agl^ 
3f^ts 
Single 


/0£huble 
3  Part 


Double 


\\ 


/O^JripleC 
7P^ts    \ 
'pie  Ni 


Tripli 


SParts    I 
Quadrupled 


/OMJwr'C 
65heamh 


Best  Crucible  Cast  Steel  Noist" 
/ng  Rope  :  6  Strand,  19  IVires  to  a 
Strand  and  Henrp  Cora* 

Tbese  yaiues  are  only  For  tackle 
as  s/?oivn  •  if  the  lead  line  Is  snatch-' 
ed  or  passes  oyer  p^ditionai sheaves^ 
capacity  diminishes  • 


Lifting  Capacity  of  Tackle 
steel  shell  blocks 

WITH  mRE  ROPE 


Fig.  4. 
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Tons 


8 


5mgl^ 
ZP^bs 


OauUe 

3Part3 

Single 


1 


Os^ngU  C 


0\5mglB 


Doub/e 


0\S/ngfe 
4^rd3 
Double 


1 


efiarts    \ 
Trfp/e  Nd 


UFt 
Tons 


20 


22 


24 


26 


28 


Rigg/ng 
fMwi/aRope 


6^rbs 
Tr/p/e 


Vie  y 


Os^b/e 
e^rds    \ 
Tr/p/e^O 


~i 


S  Parts 
Qtfsdrupk 


Qu9(^rvpkO^ 

S  Parts    \ 
Qaadn/pie 


Jfyrts  \ 


Trfpk 


0\^ipie 
8  Parts 


\ 


Quadrtfi 


Tons 


8 


liMani/aRope 


3ingk    CX  O^m^ 
ZParts  1    ZM-ta 
Singie    O   Sing/a^ 


l^oubJe 

3Part3 

Single 


I 


l>ouHe  CK 
4Part3  1 
Pot/bia  O 


Ikfable  Ck 

4Parts\ 
Doyb/e    O 


0\5/ng/eQ 
3hrts\ 


Singii 


^e\: 


Os^lngkC 
4^rts  \ 
Dcub/e\. 


<y^/ng/eC 
DoubU  Nd 


4^rts  \ 


Double 


Tons 


10 


II 


IB 


15 


14 


tl' 


Rigging 


If  MsnilaRope 


Tripia     0(\<yihMa  Q 
BParts 


Doubie 


\ 


Qaa^i^pkO 


QuadrvpkC>\ 
BParts    \ 
QuadrupUO 


!>oab/a^ 


Os^oubhQ 
Tr/p/^yQ 


^uadri/pMOh.  0\Tr/ph  O 
S  Parts    \    SWrt9    \ 


Qeadrupk 


M^ 


OsTripkZ 
SM-ts  \ 
^faaanpap^ 


i?"  Blocks  Forli'Ropa- 

Capacity  of  Blocks 

Single  mthNook,  5  Tons* 
Doabie  mtii/iook,  7  Tons- 
Trip/a  m'thHook.  8  Tons. 

Approximate  puff  on  iaad  Ima,  2  Thtm* 
14' Blocks  For  Ij  Ropa- 

Capacity  of  Blocks 

Single  with  Hook,  6  Tons^ 
Double  mtb  Hook,  fO  Tons* 
Tr^  mth  Hook,  12  Tons* 

Quadruple  trithSbacMa,  14  Tons* 
Approximate  pull  on  lead  line,  3  Tons* 

20' Blocks  For  2' Rope ' 
Capacity  oF  Biocks 

Single  nrith  Shaclde,  IS  Tons* 
Double  t¥ith  SbackJk,  22  Tons- 
Triple  mth  Shackle^  SO  Tons- 
Quadruple  m'th  Shackie,  55  Tons* 
Approximate  puff  on  lead  ikta,  5  Tons* 
These  values  are  only  fir  tacik/a  as  shown*    IF  lead 
line  is  snatched  or  passes  oimr  additional  sheavasp 
capacity  dimlnishas* 

LiFTiNO  Capacity  of  Tackle 

WOODEH  SHEU  BLOCKS  WiTH  AtANilA  ROPE* 
Fig.  5. 
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of  Tackle. — ^The  efficiency  of  rigg^ing  as  calculated  from  tests  made  by  the  Ameri- 
can Bridge  Company  is  given  in  Table  VII.  The  tables  may  be  used  in  calculating  the  loads, 
that  can  be  lifted  by  tackle  as  follows: — 

Given  pull  in  lead  line,  to  find  load  lifted — Divide  the  pull  by  1.20  each  time  line  is  snatched 
or  passes  over  sheaves  other  than  those  in  tackle  blocks;  multiply  quotient  by  ratio  of  load  to 
lead  line  pull,  Table  VII,  and  the  result  is  tfie  load  lifted.  For  example,  lead  line  pull  of  engine 
s  10,000  lb.;  rigging  as  follows: — 2  snatch  blocks,  2  sheaves,  and  7  parts  of  1}  in.  line  in  main 

10,000 

falls.     Then  Load  lifted  = r  X  4-89  =  23,600  lb.     If  load  to  be  lifted  is  given,  to  find 

(1.20)* 

pull  in  lead  line,  reverse  above  operation. 


TABLE  VIII. 
Data  on  Chains.    American  Bridge  Company. 


Size, 

Weight 

Outside 

Outside 

Proof  Test 

Ultimate 

Working 

Working 

Diam.  of 

per  Foot 

Lengths  of 

Width  of 

in  Lb. 

Strength  in 

Load  in  Lb. 

Load  in  Lb. 

Bar,  In. 

in  Lb.. 

Links  in  In. 

Links  in  In. 

Lb. 

Factor  of  3* 

Factor  of  4. 

} 

2.5 

2i 

l) 

7,700 

15,000 

5,000 

3,800 

f 

6.70 

3, 

^i 

12,000 

23,000 

7,600 

5,700 

i 

3i 

2| 

17,000 

33,000 

11,000 

8,200 

} 

8.37 

4. 

22,000 

43,000 

14,300 

10,700 

10.50 

^t 

3 

29,000 

56,000 

18,600 

14,000 

I 

13.62 

5* 

3 

37,000 

71,000 

23,600 

17,700 

*' 

16.00 

5* 

▼' 

46,000 

88,000 

29,300 

22,000 

I 

19.25 

6i 

4 

55,000 

106,000 

35,300 

26,500 

13 

23.00 

7. 

5  i 

66,000 

126,000 

42,000 

31,500 

" 

28.00 

7i 

1'  ■ 

74,000 

141,000 

47,000 

35,*oo 

3^ 


^r  R/n^  Chain 


^- —  Z' 

TotdJ  IVe/yH  of  Chain  «  L'(e'^q)  ^  //•/ 

Nook  ^3  i  ''Hook  Chain 


K-- 


Totsi  IVeiffhd  ofChgin  -  L'(^6'^{pJ  ■f-^4'4 

u    ,  M,        T    Tmn _^^  Hook  Chain 
Hook  *L5       * 


w //„-^/.>r 

Total  mi^hd  of  Chain  -  L'(6'^0)  ^4S'S 
Usual  Length  oF  U  is  8  Feet* 

Fig.  6.    Chains. 


Hook  *3 
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viV" 

Hahdle  Oujse 


'.!'      iSA- •!  /"      i  fe — 1  r 

Y^>vy        i' Rivet  SET  (Snap)  j'Kivet  5et(Shai>) 


■IVET  SET  (Snap) 


\    S^?" ^    f' 

If-'  '-/-i-'i' 

I" Rivet  set  (Snap) 

5'tcf 


(a 


Pin  Maul  ^ift  Pm 

'00L5  FOR  Steel  Erection.    Ameeican  Bridge  Coupant. 


TOOLS  FOR  STEEL  ERECTION. 


j;|o  ,iz:^.,^^^-^  iPMr-, 


W' 


ySETCwvees      yscrCuppEns     5rr7itifmE» 


<'«' 


CONNECntK  &AJI 


i' 


Sri-fc 


3'6f 


■t' 


j!     Toc/Stttl   ..-li' 


=)E3 


r 


.d-^i' 


i'Si'fOlltC  WHiXOfES 


Fig.  8.    Tools  for  Steel  Ebectidn.    Ahbrican  Bridge  Coufany. 
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fli'for^rwet-  (i  For^iiwt  m  Fori  "'^^s-     (js  For-$  rivets 

['/^'fwi'r/vetyi'/vri'riyet-  \'Ik  for  j^ rivets  y^  Fori  riveti 


rivets- 
0 


f »^ 

j^-^ >i 

STRAiGHT  Dolly 


Bent  Dolly 


IW 


t=i 


-*'*i?r-2"  /fen  Doll 

>i' Fori' rivets,  j  'Forf' 


i   f/i'Ferf rivets,  li'/irf 


1 


//r 


3  £ 


^3V  5'^^ 


.  I 


I 
I 


Ci^/5  Dolly 


Club  Dolly  Bent 


iTAf 


lr\f 


S'O 


^O 


^31 


T^ 


i:>;® 


Spud 


Reamer  Wrencn 

Fig.  9.    Tools  for  Steel  Erection.    American  Bridge  Company. 


TOOLS  FOR  STEEL  ERECTION. 


455 


-^•3/'^  /Bucking  Bar  A  ti'^^'^f^\^.'^jjj?l?rjf'...^ 

'in  C   'Tap  Bolt  D     ^i'^'^'V^f^^U  ^ 


„    .    ,       ^ \H3ndkB-    i'fcri'RivetZ'r:,    ...  !  ,>t<, 

Him  Dolly       ,»    ^-s-v*       -^f^     ^  i^g/g-^^ 


fS'oF  J  Chdin 


TAPbOLTO* 


I      L 


f5' 


f 


Buck/no  Bar  A 


>05Vi?  ZX^ZK  IV/rff  DETAILS 


'^VHo/e  For  Tap  5o/t 
Handle  5- 


7*  -.S" 

*  •  fir*  *--n   z' 


//i^ 


5'i> 


IE 


ir_ 


U       4^.H 


cOQ 


!^ 


H 


Tl 


l^il'tRing 
1)    ^-2''Dtam. 


Vf 


if 


?|-' 


».---V'  MeauM  Key  Wrench 


5i 


Small  KarMiENCH 
S'O" 


I 

Z3 


ZAwar  Ai-K  Wrench 

Fig.  10.    Tools  for  Steel  Erection.    American  Bridge  Company. 


URAL  STEEL. 


Rivet  SricKsa  Tonss 


"■'   CSGS) 

CoRRusATED  Iron  Hammer 


in  A 

SftAU  CatHUeATEDtRONSHEAja 
\UERICAN  Bridge  Coupaht. 
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'/   /J  Clevis 


S  Eye  BarHo(^ 

Wf ye  Bar  Hook 
2 2  ^^/^  Bars- 


6' Eye  Bar  Hook 

^2  "A      f Rounded 


,  #  I 
Shackles  w/th  Pins  i<^7^  v«-^.-^.t 

SToNOmEPHooK      FOR i4''QmmLE& 20' 5m6LE Block   ^^^^^         ^^i' 

25  Totf  6JRDER  Hook 

5STon  ff/nkrHockj  IZ'^^ii^Hats,  3/  (PRing^ 


4.' 


/'lO^' 


^  /-- -*/^  >?//7^,  d^D/am 


15  Ton  GirderHook,  8'^  2^' Flats,  2i'mng 


ffTT 


Shackle 


CI 


=(■'-  n  I — M 

f  *  :    v ;:... 

'- i_J "••••ti~"~ 


v 


U  ""I 


./' 


LWHT  /  Beam  Hook 


/ 


Heavy  I  Beam  Hook 

Fig.  12.    Tools  for  Steel  Erection.    American  Bridge  Company. 
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'Octagonal  SUel''''l[j'^^'Molem^l7e3d 


Cltvfst   5'     ,1^  Xj 
5"Mii  TlMBCR  Hook  * 


s= 


T«.f^Polnt--^^^, 


For  Dod/e  Nut  Fs/stwerk 
^_J'    Bolts.  L=5rip*h''-    ^\ 
'.For  Singh  Nut  Fa/stimrk    I 
Bo/ts,  L''6rip+Z'''>^ 


/#V 


St/WOMD  Falsewouk  Bolts         5<p/an/k9d&Nat 
13.    Tools  for  Steel  Ersction.    American  Bridge  Company. 
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Chains. — Chains  should  be  made  of  the  best  grade  of  double*  refined  iron,  and  should  be 
fabricated  with  great  care.  Details  of  a  }-in.  ring  chain;  a  }-in.  hook  chain,  and  of  a  f-in.  twin 
hook  chain,  as  made  for  the  American  Bridge  Company,  are  given  in  Fig.  6,  and  data  on  chains 
are  given  in  Table  VIII. 

Jacks. — Hydraulic  and  power  lifting  jacks  of  the  necessary  capacity  should  be  provided. 

Miscellaneous  Tools. — In  addition  to  the  standard  tools  required  by  bridge  carpenters  and 
by  the  blacksmiths  many  special  tools  are  required  by  structural  steel  erectors.  The  most  im- 
portant special  tools  required  in  steel  erection  as  used  by  the  American  Bridge  Company  are 


8 


^.x 


'•^ilt« 


1 


-...1 


jwcd] 


-^h^.J 


Steamboat  Jack 


Terry  Old  Man 


A|^. 


l....± 


v& — 
2'-6' 


1 
I 


SHEAR  FOR  CORRU$ATEP  STEEL 


Steamboat  Ratchet 


Fig.  15.    Miscellaneous  Tools  for  Steel  Erection. 


given  in  Fig.  7  to  Fig.  14.  An  improved  "old  man*'  as  used  by  Terry  and  Tench  is  shown  in  Fig. 
15.  A  corrugated  rolling  shear,  and  a  steamboat  jack  and  a  steamboat  ratchet  are  also  shown 
in  Fig.  15.  The  special  tools  used  by  the  Chicago  Bridge  and  Iron  Company  for  the  erection  of 
elevated  tanks  are  given  in  Fig.  16  and  Fig.  17. 

LIST  OP  TOOLS.— The  tools  required  for  any  job  will  depend  upon  the  sixe  of  the  work, 
the  number  of  men  employed,  and  upon  local  conditions.  A  complete  list  of  the  tools  that  are 
commonly  used  by  structural  steel  erectors  is  given  in  Table  IX. 

Actual  lists  of  the  tools  used  for  the  erection  of  a  steel  railway  bridge,  a  steel  highway  bridge, 
and  a  steel  mill  building  are  given  in  Table  X,  Table  XI,  and  Table  XII,  respectively. 
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TABLE  IX. 


List  of  Krkction  Tools 

FOR  Structural  Stbbl. 

American  Bridge  Company. 

Name. 

Name. 

Adzes. 

Corrugated  Iron  Rivet  Sets. 

Air  Chippere. 

"    Shears. 

Air  Compressors 

Crabs,  Single  Gear  Iron  Frame  A — Flat. 

Air  Drills. 

Crabs,  Double  Gear  Iron  Frame  A — Flat. 

Air  Pumps. 

Crabs,  Single  Gear  Wooden  Frame  A — ^Flat. 

Air  Reamers. 

Crabs,  Double  Gear  Wooden  Frame  A — Flat. 

Air  Receivers. 

Cutters,  Handle. 

Anchors. 

Derricks. 

Angle  Bars  for  R.  R.  Rails. 

Derrick  Balls  Overhauling. 

Anvils. 

Booms  (Steel). 

Auger  Bits. 

"       Booms  (Wood). 

Augers  (ship)  H  ^n-  to  i^  in. 

"       Boom  Bands,  2  Links. 

Axes. 

"     Foot  Blocks. 

Axes  (Hand). 

"           "      &  Mast  Angles. 

Backing  Out  Punches. 

"      Bearing  Plates. 

Balance  Beams. 

"      Pins. 

Bars,  Chisel. 

"      Plates. 

Bars,  Claw. 

"       Foot  Blocks. 

Bars,  Connecting. 

"       Goose  Necks. 

Bars,  Crow. 

"       Gudgeon  Pins. 

Bars,  Pinch. 

"       Masts  (Steel). 

Bellows. 

"       Masu  (Wood). 

Biu  for  Braces. 

"       Mast  Band. 

Blacksmith  Blowers. 

"       Mast  Band,  one  link. 

Blacksmith  Hand  Tools. 

"       Mast  Seat. 

Blocks  (8,  10,  12,  14,  16,  18)  in.  Single. 

"       Round  Spiders. 

Blocks  (8,  10,  12,  14,  16,  18)  in.  Double. 

"       Long  Spiders,  Two  Guys. 

Blocks  (14,  16,  18,  20)  in.,  3  Sheave. 

"       One  Guy. 

Blocks,  4  Sheave. 

Diamond  Points. 

Blocks  (8,  10,  12,  14,  16,  18,  20)  in.  (Snatch) 

Dolly  Bars,  Bent. 

Gate. 

"     Club. 

Blocks  (i,  2,  J,  4,  6)  Sheave,  Wire  Rope. 

"     Goose  Necks. 

Boau  (give  kind). 

"     Heel. 

Boilers  (only). 

"     Spring. 

Boring  Machines. 

"     Straight. 

Braces  (Carpenter). 

Drawing  Knife. 

Branding  Irons. 

Drilling  Machine  (Portable). 

Brushes  (Paint). 

Drift  Pins  (A,  H,  H,  tt)  in.  diameter. 

Brushes  (Wire). 

Drills,  Flat. 

Buckets. 

Drills  (Stone). 

Car  Axles. 

Drills  (Twist). 

Cars,  Camp. 

Engine  and  Boiler. 

Cars,  Demck. 

Eye  Bolts. 
Files. 

Cars,  Flat. 

Cars,  Lever. 

Forges  (not  rivet). 

Cars,  Push. 

Gauges  (Track). 

Cars,  Tool. 

Gin  poles  (Wood)  Gas  Pipe,  Shoes. 

Car  Wheels. 

Grind  Stone. 

Center  Punches. 

Guy  Clamps. 

Chains,  (J,  |,  f,  I)  in.  Hook  8c  Ring,  —  ft.  long. 
Chains,  i  in.  Hook  &  Ring,  —  ft.  long. 

Guy  Rods. 

Guy  Wire. 

Chains,  J,  |,  f,  i  in.,  two  rings,  —  ft.  long. 

Hammers  (Chipping). 

Chisels,  Cope. 

Hand  Gouges. 

Chisels,  Framing. 

Handle  Gouges. 

Clevises. 

Handles — ^Hammer,  Maul,  Axe,  Adze,  Pick. 

Cold  Chisels. 

Hatchets. 

Cumigated  Iron  Cutters. 

Hook  for  I  Beams — Large,  Medium,  Small. 

Corrugated  Iron  Dolly  Bars. 
*^            "    Hammers. 

Hooks,  Cant. 

Hooks  for  Eye-Bars. 

"    Punches. 

Hooks,  Girder. 
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Nuu. 

Name. 

Hooks  for  Heavy  Chord. 

Reamers-H.  H,  tt.  lA  in. 

Hook)  for  holding  on. 

Reamer  Handle*. 

Hooka,  Scaffold. 

Rivet  Busters. 

"       Stringer. 

"      Clamps. 

"       Timber. 

"      Clamp  Hoob. 

Horee  Powers. 

"      Forgea. 

Hose,  Air  DriU. 

"     Gouges. 

"     Rubber. 

"      Hammen. 

"     Steam. 

"     Seu  loT—i,  \,  i,  i.  I,  in.  Rivets  (Hand). 
•'      Sets  foi— i,  1,  1,  i,  I,  in.  Rivets  (Pneu- 

"      Bands. 

Jacks,  Hydr.— Capacity. 

Set  Cuppers. 

"      Norton. 

Set  Gouges.  Sundard. 

"      Rail,  Double. 

Set  Rivet  Tonga. 

"      Rail,  Single. 

"     Sr       ■     - 

Spikes. 

"     Si               Pull. 

Rollers. 

"      Si                 Pushing. 

Roofing  Seu. 

Rope,Rlanila-l,  1,  li,  li.lin. 

■'     S< 

"     T 

Rope  Lashing.  Manila. 
Rope  Slings.  Manila. 

Kettles, 

Ladies. 

Rope,  Wire  Hoisting. 

Saws,  Crosscut. 

Ladders, 

Saws.  Hand. 

Laatems. 

Saw  Frames.  Hack. 

Level.  (Spirit). 

Saw*.  One  Man. 

Locks. 

Saw  Sets  (Crosscut). 

Marking  Pot. 

Screw  Drivers. 

Mattocki. 

Shackles. 

Mauls,  Spike. 

Sheaves.— in.  dia. 

Mauls,  Steel  (8,  9.  ».  16,  iS,  10)  lb. 

Shovels. 

Naili. 

Squares  (Carpenter). 

Oars. 

Stock  and  DiS. 

Oar  Lock*. 

Stoves. 

Oil  Cans. 

Sulphur  Pot. 

Old  Man. 

Tape  Lines. 

Picks. 

Tarpaulin). 

Pike  Pole*. 

Timber  Buggies. 

Pile  Hammen. 

Tool  Boies. 

■'    Driver  Lead). 

"    Steel.  Octagon. 

"    Rings. 

"     Steel,  Round. 

"    Ring  Hooks. 

"     Steel.  Square. 

Pins,  Cotter. 

Traveler  Comer  Iron*. 

Pipe  Cutters. 

Plates. 

Pipe,  Iron. 

"        Rods. 

Pipe  Tongs. 

"       Wheel).  Standard. 

Planes. 

Traveler  Wheel). 

Plumb  Bobs. 

"        Wheel  Boie*. 

Pneumatic  Bucker-up. 

Travelers  (Wood). 

Pneumatic  Hammer. 

Traveler)  (Steel). 

Pump,  Boat,  Galvanized  Iron. 

Tumbuckle  Rods. 

Pump,  Centrifugal- 

Tuyere  Irons. 

"       Force. 

Valves. 

Steam. 

Vises. 

Punch,  Hydraulic. 

Wagons. 

Punch,  Screw. 

Wrenches.  Chain. 

Purchase  Rings. 

Wrenches,  Fork— i,  }.  A.  *.  in- 

Rails  (Steel). 

Wrenches,  Key— large,  medium,  amaU. 

Rail  Splice  Plates. 

Wrencho,  Monkey. 

Rail  Buggies. 

Wrenches,  S. 

Rams. 

Wrenches,  Stillson. 

Ratcheu. 

Wedires. 

LIST  OF  TOOLS  FOR  ERECTION  OF  A  STEEL  BRIDGE. 
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TABLE  X. 

List  of  Tools  for  Erection  of  Steel  Railroad  Bridge  Consisting  of  Several  75-ft.  Plate 
Girders,  a  i8o-ft.  Through  Span,  and  an  8o-ft.  Vertical  Lift  Span,  Inter- 
national Falls,  Minnesota.    Minneapolis  Steel  &  Machinery  Co. 


Quantity. 

Name  and  Sise  of  Tool. 

Quantity. 

Name  and  Siie  of  Tool. 

Augers,  Ship,  \i  in. 

3 

Forges,  Complete. 

Adz. 

3 

Files. 

Axe,  Hand. 

2 

Gouges,  Hand* 

Anvils. 

3 

Gouges,  Handle. 

Bars,  Crow. 

3 

Hack  Saws  and  Blades. 

Bars,  Claw. 

I 

Hammer,  7  lb. 

Bits,  I  in. 

I 

Hammer,  Claw. 

Box,  Tool. 

2 

Hammers,  Blacksmith,  5  lb. 

Braces. 

16 

Handles. 

Brushes,  Wire. 

7 

Hooks,  Scaffold. 

Brushes,  Paint. 

I 

Hose,  Air,  }  in.,  700  ft. 

Block,  Steel,  Snatch,  10  in. 

9 

Hose,  Water,  §  in.  X  50  ft. 

Block,  Steel,  Snatch,  12  in. 

4 

Jack,  Screw,  2 J  in.  X  16  in. 

Block,  Steel,  Snatch,  Wire  Rope,  12  in. 

I 

Jack,  Track. 

Block,  Steel,  Single,  Wire  Rope,  12  in. 

2 

Jack,  Stone. 

Block,  Steel,  Single,  Wire  Rope,  14  in. 

I 

Jack,  Hydraulic,  15  ton. 
Lanterns. 

Block,  Steel,  4  Part,  Wire  Rope,  16  in. 
Block,  Steel,  Double,  Wire  Rope,  18  in. 

2 

I 

Level. 

Block,  Steel,  Double,  Wire  Rope,  12  in. 

I 

Man,  Old. 

Block,  Steel,  Triple,  Wire  Rope,  12  in. 

4 

Punches,  Backing  Out. 
Punches,  Screw  (Frame). 

Block,  Wood,  Snatch,  10  in. 

3 

Block,  Wood,  Snatch,  12  in. 

I 

Pipe  Vise. 

Block,  Wood,  Single,  Tackle,  8  in. 

I 

Pick. 

Block,  Wood,  Single,  Tackle,  10  in. 

12 

Drift  Pins,  {  in. 

Block,  Wood,  Single,  Tackle,  12  in. 

10 

Drift  Pins,  1  in. 
Drift  Pins,  }  in. 

Block,  Wood,  Double,  Tackle,  8  in. 

4 

Block,  Wood,  Double,  Tackle,  10  in. 

I 

Pail,  Water. 

Block,  Wood,  Double,  Tackle,  12  in. 

2 

Ratchets. 

Block,  Wood,  Triple,  Tackle,  12  in. 

I 

Receiver,  Air,  30  in.  X  60  in. 

Block,  Wood,  Triple,  Tackle,  14  in. 
Block,  Chain.  5  Ton. 

1,400  ft. 

Rope,  Manila,  i  in.,  7  pieces. 

•   I 

1,300  ft. 

Rope,  Manila,  1}  in.,  5  pieces. 
Rope,  Manila,  2  in.,  I  piece. 

1,200  ft. 

Cable,  Wire,  §  in. 

420  ft. 

300  ft. 

Cable,  Wire,  t  in. 

640  ft. 

Rope,  Manila,  2  in.,  I  piece. 

100  ft. 

Cable,  Wire,  }  in.,  galvanized. 

275  ft. 

Rope,  Manila,  2  in.,  i  piece. 

2 

Chains,  1  in.,  23  ft.  long. 

565  ft. 

Rope,  Manila,  i  in.,  2  pieces. 

I 

Chains,  |  in.,  14  ft.  long. 

4 

Rope,  Manila,  Lashings. 

2 

Chains,  f  in.,  12  ft.  long. 

I 

Stock  and  Dies,  Blacksmith. 

2 

Chains,  |  in  ,  12  ft.  long. 

I 

Stock  and  Dies,  Pipe. 

12 

Clamps,  Cable,  i  in. 

6 

Snaps,  Rivet,  f  in. 

ID 

Clamps,  Cable,     in. 
Qamps,  Cable,  f  in. 

6 

Snaps,  Rivet,     in. 

8 

4 

Snaps,  Rivet,  }  in. 

4 

Clamps,  Rivet. 
Chisels,  Round  Nose. 

3 

Saws,  Cross  Cut. 

• 

2 

2 

Saws,  Hand. 

Chisels,  Cold. 

I 

Shovels,  No.  2. 

Cutters. 

4 

Shovels,  Snow. 

Cant  Hooks. 

I 

Square. 

Compressor,  Air. 

13 

Shackles 

Derrick,  12  ton. 

2 

Trucks,  Dolly. 

Dolly,  Timber. 

3 

Tongs,  Blacksmith. 

Dolly,  Goose  Neck. 

4 

Tongs,  Heater 

Dolly,  Straight. 

7 

Wrenches,  Bndge  }  in. 

Dolly,  Spring. 

6 

Wrenches,  Bridge  }  in. 

Dolly,  Wedge. 

2 

Wrenches,  Monkey 

Dolly,  Heel. 

I 

Heavy  Traveler,  12  ton  . 

Dnlls,  Twist,  ] 

-1  m. 

T  in. 

4 

Rollers,  10  m.  and  12  in. 

6 

Dnlls,  Twist, 

S 

Pneumatic  nveting  guns. 

6 

Dnlls.  Twist,  { 

i  in. 

2 

28  in  Tumbuckles. 

I 

Drills,  I J  in.  X  4  ft. 

2 

Stoves. 

2 

Engine,  Hoisting. 

27 

}  in.  X  8  m.  Step  bolts. 

31 
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TABLE  XI. 

List  of  Tools  for  the  Erbction  of  ^8o-ft.  Span  Highway  Bridge. 

Minneapolis  Steel  &  Machinery  Co. 


Quan- 
tity. 

2 

Name  and  Sise  of  Tool. 

Quan- 
tity. 

Name  and  Size  of  Tool. 

Axes. 

I 

Man,  Old. 

2 

Axes,  Hand. 

4 

Punches,  Backing  out. 

3 

Bits,  I  in.,  i  in.,  )  in. 

I 

Pick. 

I 

Buster. 

I 

Pump. 

I 

Box,  Tool. 

4 

Pins,  Drift,  1  in. 
Pins,  Drift,  f  in. 

I 

Brace. 

6 

I 

Brush,  Paint. 

2 

PaUs,  Water. 

2 

Blocks,  10  in. 

2 

Pile  Driver  Leads. 

I 

Block,  Single  Tackle,  8  in. 

I 

Pile  Driver  Hammer. 

I 

Block,  Single  Tackle,  lo  in. 

I 

Pile  Driver  Head  Block. 

4 

Blocks,  Double  Tackle,  8  in. 

I 

Pile  Driver  Nipper 

I 

Chain,  1  in.,  8  ft.  long. 
Chain,  |  in.,  7  ft.  long. 

I 

Ratchet. 

I 

124  ft. 

Rope,  Manila,  1}  in. 

I 

Clamp,  Rivet. 
Chisel,  Hand. 

675  ft. 

Rope,  Manila,  i  in.,  5  pieces. 

I 

2 

Lashings,  15  ft. 

Stock  and  Dies,  Blacksmith. 

I 

Dolly,  Timber. 

I 

4 

Drills,  Twist,  H  *"• 

I 

Saw,  Crosscut. 

2 

FUes. 

I 

Saw,  Hand. 

2 

Gouges,  Handle. 

s 

Shovels,  Short  Handle 

I 

Hacksaw  and  Blades. 

I 

Shovels,  Long  Handle 

3 

Hammers,  7  lb. 

I 

Sauare. 

Wrench,  Bridge,  |  in. 

3 

Hammers,  Claw. 

I 

I 

Hammer,  Machine. 

6 

Wrench,  Bridge,  f  in. 

3 

Handles,  30  in. 

2 

Wrench,  Bridge,  1  in. 

I 

Jack  Screw,  12  in. 
Level. 

I 

Wrench,  Stillson,  10  in 

I 

I 

Wrench,  Monkey,  12  in. 

4 

Wheel  Barrows. 

ERBCTION  OF  TRUSS  BRIDGES.— Truss  bridge  spans  are  usually  erected  on  falsework. 
The  truss  may  be  erected  by  means  of  a  traveler  or  a  derrick  traveler  or  a  derrick  car.  The  usual 
procedure  where  a  traveler  is  used  will  be  briefly  described.  After  the  falsework  and  traveler  are 
ready,  lay  out  the  center  lines  of  the  trusses  on  the  falsework  and  locate  the  positions  of  the  panel 
points.  At  each  panel  point  place  the  necessary  blocking  for  camber.  Then  beginning  at  the 
fixed  end  place  the  pedestals  in  position  and  place  the  lower  chords  and  the  floorbeams  and  stringers 
in  position  and  distribute  the  pins.  If  the  floorbeams  and  stringers  will  be  in  the  way  they  are 
not  placed  until  they  are  needed.  The  traveler  is  run  to  the  center  of  the  bridge  and  the  center 
panel  on  each  side  is  erected.  The  upper  chord  section  is  hoisted  and  held  a  little  above  its  final 
position;  the  posts  are  raised,  the  diagonals  are  put  in  place  and  the  pins  are  driven,  or  with  a 
riveted  truss  the  joints  are  field  bolted  in  about  50  per  cent  of  the  holes.  The  panel  on  the  oppo- 
site side  is  then  erected  and  the  top  lateral  struts  and  bracing  are  put  in  place,  the  floorbeams  and 
stringers  are  connected  up  and  the  lower  laterals  are  put  in  place,  so  that  the  center  tower  is  fully 
braced.  Great  care  must  be  used  in  erecting  the  middle  tower  to  see  that  it  is  in  exactly  the 
proper  place.  After  the  center  panel  is  complete  the  traveler  is  moved  toward  the  fixed  end, 
erecting  the  trusses  one  panel  at  a  time.  The  traveler  is  then  run  back  to  the  center  and  the 
roller  end  of  the  trusses  are  erected.  After  the  span  is  all  connected  up  and  all  connections  are 
properly  bolted  up,  the  blocking  is  knocked  out  and  the  bridge  is  swung  clear.  The  details  of 
erection  vary  with  the  type  of  truss  and  local  conditions  and  the  above  description  is  intended  to 
merely  give  an  idea  of  the  procedure.  Truss  bridges  may  also  be  erected  by  starting  the 
traveler  at  the  fixed  end. 

Where  a  derrick  car  or  a  derrick  traveler  is  used  the  erection  is  commonly  started  at  the 
fixed  end. 
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TABLE  XII. 

List  of  Erection  Tools  for  the  Erection'  of  a  Steel  Mill  Building  6o  ft.  by  150  ft.  with 
Corrugated  Steel  Covering;  43  Tons  Steel,  7  Tons  Corrugated  Steel. 

Minneapolis  Steel  &  Machinery  Co. 


Quantity. 

Name  and  Sixe  of  Tool. 

Quantity. 

Name  and  Size  of  Tool. 

I 

Axe,  Hand. 

I 

Forge,  Complete. 

4 

Bars,  Crow. 

I 

Gin  Pole. 

• 

4 

Bars,  Connecting. 

4 

Gouges,  Handle. 
Hack  Saw  and  Blades. 

I 

Box,  Tool. 

I 

2 

Braces. 

I 

Hammer,  Claw. 

4 

Brushes,  Paint. 

I 

Hammer,  Machine. 

I 

Block,  Steel,  Single,  Wire  Rope, 

6 

Handles,  30  in. 

10  m. 

I 

Man,  Old. 

I 

Block,  Steel,  Double,  Wire  Rope, 

2 

Punches,  Backing  out. 

10  m. 

6 

Punches,  Corrugated. 

I 

Block,  Wood  Snatch,  10  in. 

20 

Pins,  Drift,  1  in. 
Pins,  Drift,  i  in. 

10 

Block,  Wood,  Single  Tackle,  8  in. 

10 

8 

Block,  Wood,  £)ouble  Tackle,  8  in. 

I 

Ratchet. 

700  ft. 

Cable,  }  in.,  3  pieces. 

1,100  ft. 

Rope,  Manila,  }  in.,  8  pieces. 

I 

Chain,  1  in.,  3  ft.  long. 
Chain,  }  in.,  8  ft.  long. 

4 

*     Rope,  Manila,  Lashings. 

I 

I 

Stock  and  Dies,  Blacksmith. 

I 

Chain,  |  in.,  9  ft.  long. 

3 

Snaps,  Rivet,  {  in. 

^3 

Clamps,  Cable,  1  in. 
Clamps,  Cable,  }  in. 

I 

Saw,  Hand. 

7 

I 

Square. 

2 

Qamps,  Rivet. 
Chisels. 

4 

Shackles. 

6 

2 

Snips,  Corrugated. 

3 

Cutters. 

I 

Tongs,  Blacksmith. 

I 

Crab,  Small. 

2 

Tongs,  Heater. 

I 

Dolly,  Timber. 

I 

Tongs,  Pick-up. 

I 

Dolly,  Goose  Neck,  f  in. 

I 

Vise,  Machinist. 

I 

Dolly,  Straight,  |  in. 

IS 

Wrenches,  Bridge,  }  in. 

I 

Dolly,  Spring,  {  in. 

20 

Wrenches,  Bridge,     in. 

3 

Dolly,  Corrueated  Steel. 
Dolly,  Jam,  f  in. 

8 

Wrenches,  Bridge,     in. 
Wrenches,  Bridge,  f  in. 
Wrenches,  Monkey. 

I 

I 

I 

DriUs,  Twist,  tt  in. 

2 

In  erecting  the  Municipal  Bridge  over  the  Mississippi  River  at  St.  Louis,  sand  boxes  were 
used  for  camber  blocking  in  the  place  of  the  usual  timber  camber  blocking. 

The  threads  of  pins  should  be  protected  by  pilot  nuts  and  pilot  points  when  driving.  Details 
of  standard  pilot  nuts  are  given  in  Table  99,  Part  II,  and  of  standard  pilotpoints  in  Table  100, 
Part  IL 

RIVETING. — ^Field  rivets  may  be  driven  by  hand  or  with  pneumatic  riveters.  Before 
driving  the  rivets  the  parts  to  be  riveted  must  be  drawn  up  by  means  of  erection  bolts  so  that  the 
holes  are  fully  matched  and  the  surfaces  of  the  metal  are  so  close  together  that  the  metal  from  the 
rivet  will  not  flow  out  between  the  plates.  The  holes  are  brought  in  line  and  matched  by  the  use 
of  drift  pins,  Fig.  7  and  Fig.  17;  care  should  be  used  not  to  injure  the  metal  with  the  drift  pin. 
If  the  holes  will  not  match  they  should  be  reamed.  A  gang  for  hand  riveting  consists  of  four 
men,  (i)  a  rivet  heater,  (2)  a  bucker-up,  (3)  a  rivet  driver,  and  (4)  a  man  to  catch  and  enter  the 
rivets,  to  assist  in  driving  and  to  hold  the  rivet  set  (snap).  The  hot  rivet  is  thrown  by  the  rivet 
heater  with  rivet-pitching  tongs.  Fig.  1 1 ;  the  rivet  is  caught  in  a  bucket  or  keg  and  is  put  into  the 
rivet  hole  with  the  rivet-sticking  tongs,  Fig.  1 1.  The  rivet  is  then  bucked-up  with  a  dolly,  Fig.  9 
or  Fig.  10,  and  is  upset  with  a  rivet  hammer,  Fig.  7.  After  the  rivet  is  upset  to  fill  the  hole  a  rivet 
set  (snap),  Fig.  7,  is  held  over  the  upset  rivet  and  a  few  blows  with  the  riveting  hammer  completes 
the  work.  Field  rivets  are  ordered  with  enough  stock  to  furnish  metal  to  fill  the  hole  and  to 
form  a  perfect  rivet  head.     If  the  rivet  is  too  shorty  either  the  hole  will  not  be  filled  or  the  rivet 
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head  will  be  imperfect.  H  the  rivet  in  too  long  the  rivet  set  (anap)  will  force  the  metal  out  under 
the  edge  ot  the  rivet  set  (snap)  making  a  bad  looking  job.  The  rivet  should  be  heated  unifornily 
80  that  it  will  be  upset  for  its  entire  length.     Riveters  prefer  to  use  rivets  with  scant  stock  bo  that 


Elevation     5eci/of>A-A 

■  TffAV£i£ii  KITH  Fixed  Masts 

/2  TONS 


ibor. 


To  drive  a  rivet  properiy  the 
vs  will  upset  the  rivet  without 
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mpressed  air  U  available  a  pneumatic  field  riveter  is  used  for  driving  rivets.    Pneu- 
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Dollys  for  bucldng-up  rivets  are  made  in  many  forms  to  suit  the  difierent  conditions. 
Straight,  goose-neck,  bent,  heel  and  club  doDys  are  shown  in  Fig.  9,  a  ring  dolly  is  shown  in  Fig. 
10,  and  a  corrugated  iron  dolly  in  Fig.  11,  Dollys  for  use  in  erectii^  elevated  tanks  are  shows 
in  Fig.  t6,  and  include  the  bar  dolly,  the  heel  dolly,  the  combination  dolly,  and  the  spring  dolly. 

DERRICKS  AND  TRAVELERS.— Derricks  and  travelers  are  made  in  many  difierentfonns. 
A  few  of  the  more  common  forms  will  be  described. 


S^Tons 


Steel  1^/aduct  Thaveler 


Cross  Section y^lj' Manila 
7-Z4''Sheai^«3-^    f^^^^^^.  ,'5-^O'Sheares 


'5/'0''- 
Efevab/en  • 

Steel  Derh/ck  cm 

Fig.  20.     Details  of  a  Viaduct  Tsavelbr  ani 


Cross  Secthn 


\  Steel  Dbriuck  Cas. 


Gin  Fol«. — A  gin  pole.  Fig.  18.  is  a  timber  or  steel  mast  with  four  guys  and  a  block  at  the 
top  through  which  the  htnst  line  leads  to  a  crab  bolted  near  the  bottom,  or  the  hoist  line  may 
run  to  the  hoisting  engine.  The  foot  of  a  gin  pole  is  supported  by  timbers  which  are  shifted  with 
bars  or  on  rollers.  The  gin  pole  should  not  be  inclined  more  than  a  few  degrees  from  the  vertical, 
and  care  must  be  used  to  prevent  the  bottom  from  kicking  out  with  heavy  loads.  Gin  polea- 
may  l>e  made  of  timber,  gas  pipe,  or  may  be  built  structural  steel  masts.  Gin  poles  are  not 
commonly  made  longer  than  40  to  60  ft.,  but  a  trussed  gin  pole  lao  ft.  long  has  been  used  for 
creeling  elevated  towers.  The  mast  of  a  gin  pole  may  be  built  up  so  that  only  two  guys  are 
neces-sary,  resulting  in  "  shear  legs"  as  in  Fig.  18. 

Each  guy  is  fastened  at  its  lower  end  to  a  "deadman"  (a  timber,  or  tog,  or  beam  buried  ia 
the  ground). 


DETAILS  OF  A  STIFF-LEG  DERRICK 


1S^1,':^'"iZ'^  Stah«ro /!  TOH Stiff UclamK 
46,200"        American  Bridge  Cempsny 


Fig.  31.    Details  of  a  Stifp-Leg  Derrick. 
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Guy  Deiricks. — A  guy  derrick,  Fig.  IS  and  Fig.  19,  has  a  vertical  raast  guyed  with  three  or 
more  guy  lines,  and  haa  a.  boom  which  carries  blocks  and  a  fall  line  on  the  upper  end.  The  boom 
is  raised  and  lowered  with  rigging  called  "topping  lines"  or  "boom  lines."  The  load  is  raised 
by  rigging  called  "fall  lines"  or  "falls."  The  hoisting  line  may  be  run  down  the  boom  to  a  crab 
or  to  the  hoisting  engine,  or  the  hoisting  line  may  be  run  through  a  "rooster"  placed  oa  top  of  the 
mast  and  then  to  the  hoisting  engine.  Guy  derricks  may  be  swung  in  a  full  circle,  either  by  hand 
or  by  means  of  a  bull  wheel  operated  by  a  line  from  the  hoisting  engine. 

"A"  Derrick. — The  "A"  derrick  or  "  Jinniwink"  derrick  is  shown  in  Fig.  18.  "A"  derricks 
are  used  for  light  hoisting  up  to  three  to  five  tons.  The  "  A"  derrick  is  a  simple  form  of  the  stiff- 
leg  derrick. 

Stiff-Leg  Derrick. — The  stiff -leg  derrick  has  a  mast  braced  by  "A"  frames  set  at  right  aiglet 
to  each  other,  Fig.  18  and  Fig.  tg.  The  loads  may  be  lifted  and  the  boom  raised  and  lowered 
by  means  of  a  crab  or  by  a  hoisting  engine.  The  stiff-leg  derrick  has  a  free  swing  of  about  240 
degrees.  The  mast  may  be  turned  by  hand  or  by  means  of  a  bull  wheel  operated  by  a  line  from  the 
hoisting  engine.  Details  of  a  13-ton  timber  stifl-leg  derrick  are  shown  in  Fig.  31.  Stiff-leg 
derricks  of  large  capacity  are  now  commonly  made  of  structural  steel.  E)etails  of  a  steel  stiS-kg 
derrick  are  given  in  Fig.  29. 


Fig.  22,     Details  of  a  Gaxxows  Fkame.    Ahbrican  Bridge  Compawt, 

Boom  Travelers. — The  mast  of  a  derrick  may  be  supported  by  the  framework  of  a  traveler. 
Fig.  18.  The  traveler  may  be  made  one  or  several  stories  in  height.  The  booms  may  swii^  or 
may  be  fixed  to  raise  and  lower  in  one  plane,  and  may  be  used  single  or  in  pairs.  Boom  travelers 
are  commonly  used  in  erecting  train  sheds,  and  structural  steel  buildings.  Details  of  a  steel  boom 
traveler  arc  given  in  Fig.  28  and  Fig.  29. 

Viaduct  Travelers. — An  overhang  traveler  for  erecting  a  high  steel  viaduct  is  shown  in  Fig.  20. 

Gallows  Frame. — A  gallows  frame  or  a  transverse  bent  as  shown  in  Fig.  33,  is  used  for  erecting 
plate  or  riveted  girders.  The  gallows  frame  is  guyed  fore  and  aft  with  steel  cables.  Gallows 
frames  are  commonly  used  in  pairs  or  a  gallows  frame  is  used  with  a  stiff-leg  derrick. 

Through  or  Gantry  Travelers.— A  through  or  gantry  traveler  consists  of  two  or  three  trans- 
verse bents  or  "gallows  frames"  braced  longitudinally  and  is  carried  on  a  track  supported  on  ibe 
falsework  and  placed  outside  of  the  trusses.    The  traveler  has  a  clearance  such  that  it  can  be 


FALSEWORK. 

TABLE  XI  n. 
Bill  w  Timber  in  Traveler,  Fig.  34. 
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of  flood,  it  may  be  necessary  to  use  spread  footings  which  are  anchored  in  place.  Where  it  is 
practicable  to  obtain  piles  of  sufficient  length  they  may  be  used  for  the  full  height  of  the  falsework. 
The  timber  used  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  affect 
its  strength  or  interfere  with  its  use.  Since  the  structure  is  temporary,  durability  is  not  an 
important  element  in  selecting  timber  for  falsework  unless  it  is  to  be  used  several  times. 

For  examples  of  timber  trestles,  see  Chapter  VII. 

Plans  of  typical  four-legged  falsework  as  used  by  the  American  Bridge  Company  are  shown 
in  Fig.  25.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  stringers  are  used  under  each  rail, 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsework  as  shown. 
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Piles. — Timber  piles  may  be  driven  with  a  drop  hammer,  Fig.  26,  or  with  a  steam  hammer. 
A  spool  roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  26.  The  hammer  is  raised  to  the 
top  of  the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  the 
pile,  dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depends 
upon  the  weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  the 
leads.  By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  blow  so  that  the  safe 
bearing  power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 

Details  of  a  pile  driver  are  given  in  Fig.  27. 


DETAILS  OF  STEEL  ERECTION. 
The  safe  load  on  pilea  may  be  calculated  by  the  Engineering  News  formula 

where  P  "  safe  load  on  the  pile  in  tons; 
W  =  weight  of  hammer  in  tans; 
k  •=  height  of  free  (all  □(  hammer  in  ft.; 
s  =  average  penetration  of  the  pile  for  last  six  blows. 
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STEEL  BOOM  TRAVELER. 
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Fig.  38.    Traveler  used  in  Erection  of  Abuory,  University  of  Ilunois. 
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Fig.  J9.    Stiff-Leg  Debmck  f  sed  os  Erection  Traveler  for  Erbchok  or  Amoit. 
Ujjiversitv  of  Illinois.     (Two  of  these  derricks  were  used  on  front  of  traveler.) 
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Piles  should  have  a  penetration  of  not  less  than  lo  ft.  in  hard  material  and  not  less  than  20  ft. 
in  soft  material.    For  a  steam  hammer  unity  in  the  denominator  in  (i)  should  be  replaced  by  ^. 

The  following  specification  is  commonly  used  for  piles  for  heavy  falsework. 

All  piles  are  to  be  spruce,  yellow  pine  or  oak,  not  less  than  9  in.  in  diameter  at  the  point  and 
not  more  than  14  in.  in  diameter  at  the  butt.  Piles  are  to  be  straight  and  sound,  and  free  from 
defects  affecting  their  strength  or  durability.  Piles  are  to  be  driven  into  hard  bottom  until  they 
do  not  move  more  than  §  in.  under  the  blow  of  a  hammer  weighing  2,000  lb.  and  falling  25  ft. 

For  specifications  for  falsework  piles,  see  Chapter  VII. 

A  track  pile  driver  is  shown  in  Fig.  26. 

Design  of  Falsework. — Falsework  should  be  designed  to  carry  the  necessary  loads.  Where 
the  falsework  is  required  to  carry  traffic  it  should  be  designed  for  the  same  allowable  stresses  as 
are  permitted  for  timber  trestles  and  bridges,  Table  V,  Chapter  VII.  Where  the  falsework  does 
not  carry  traffic  the  allowable  stresses  may  be  fifty  per  cent  in  excess  of  those  permitted  for  perma- 
nent structures.  Care  should  be  used  in  the  design  to  prevent  crushing  of  timber  across  the 
grain.    For  details  of  timber  trestles  see  Chapter  VII. 

Traveler  for  Srection  of  Armory.* — ^The  new  armory  for  the  University  of  Illinois  is  276  ft. 
by  420  ft.  in  plan,  the  main  drill  hall  being  covered  by  three-hipged  arches  with  a  span  206  ft. 
centers  of  end  pins,  a  center  height  of  94  ft.  3  in.,  and  are  spaced  26  ft.  6  in.  The  arches  have  a 
horizontal  tie  of  two  4  in.  X  i  in.  bars,  and  are  braced  together  in  pairs. 

Each  arch  was  shipped  in  eight  segments,  and  the  four  sections  for  each  half  of  the  arch 
were  assembled  and  riveted  up  in  horizontal  position  on  the  ground  close  to  their  final  positions. 
One  side  of  the  arch  was  then  lifted  into  a  vertical  plane  by  a  two-boom  traveler,  and  its  lower 
end  was  fitted  into  the  shoe  and  the  shoe  pin  driven.  The  truss  was  then  lowered  on  this  pin 
until  its  head  rested  on  the  ground,  the  arch  segment  being  supported  by  guys  at  the  sides.  The 
opposite  segment  of  the  arch  was  then  raised  and  adjusted  in  the  same  way.  The  traveler  was 
then  placed  at  the  center  of  the  arch,  and  the  hoisting  lines  of  the  two  booms  were  attached  near 
the  ends  of  the  two  half-arches,  which  were  then  raised,  the  lower  ends  rotating  on  the  shoe  pins. 
The  arch  was  then  held  while  the  center  pin  was  driven  and  the  purlins  were  placed  connecting  it 
to  the  adjacent  arch. 

The  traveler,  Fig.  28,  consisted  of  a  steel  tower  about  40  ft.  square  and  33  ft.  high  to  the 
working  deck.  On  this  deck  were  two  40-ft.  masts  with  A-frames,  each  carrying  a  90-ft.  boom,  so 
that  the  top  of  the  boom  could  reach  about  20  ft.  above  the  top  of  the  arches,  the  maximum 
height  from  the  ground  to  the  hoisting  block  being  125  ft. 

The  traveler  was  supported  on  wood  rollers  on  tracks  of  16  X  16  in.  timbers  about  40  ft. 
apart.  The  upper  part  of  the  traveler  was  composed  of  two  stiff-leg  derricks  of  the  type  shown 
in  Fig.  29,  with  one  stiff-leg  and  one  sill  removed  from  each,  the  masts  being  stepped  on  the 
traveler  frame  and  connected  by  bracing  as  shown.  Each  derrick  had  a  lifting  capacity  of  15  tons, 
and  was  operated  by  an  engine  of  8  H.  P.,  the  two  engines  being  placed  on  a  platform  on  the 
lower  sills  of  the  traveler  about  2  ft.  from  the  ground. 

INSTRUCTIONS  FOR  THE  ERECTION  OF  STRUCTURAL  STEEL.— The  McClintic- 
Marshall  Construction  Co.  has  issued  the  following  instructions  to  foremen. 

In  Order  to  Avoid  Accidents,  as  Far  as  Possible,  be  Guided  by  the  Following: 

I.  See  tiiat  Tour  Equipment  is  Sufficiently  Strong. — It  is  your  duty  to  see  that  the  equip- 
ment and  tools  vou  use  for  each  part  of  the  work  are  sufficiently  strong  to  handle  the  same  safely. 

You  should  see  that  the  derricks  you  use  are  amply  strong  for  the  loads  to  be  lifted.  The 
goose  neck  and  gudgeon  pin  are  the  critical  points  of  a  derrick.  If  you  have  any  doubt  about 
the  strength  of  the  goose  neck,  provide  heavy  wire  guys  from  gudgeon  pin  to  sill  at  base  of  stiff 
legs.  Don't  lift  a  ten  ton  load  on  a  five  ton  derrick.  The  same  thing  applies  to  gin  poles  and 
travelers.  Don't  overload  your  equipment  and  don't  run  any  chances  where  life  is  endangered. 
Be  careful  not  to  lift  any  but  a  light  load  on  a  derrick  if  the  length  of  the  boom  exceeds  seventy 
times  the  least  width  or  thickness  of  the  boom;  that  is,  if  your  boom  is  12  in.  X  14  in.  the  least 
width  is  12  in.,  you  should  not  lift  a  heavy  load  on  this  boom  if  it  is  more  than  seventy  feet  in 
length. 

•  Engineering  News,  Dec.  11,  1913. 
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See  that  travelers  are  well  and  carefully  framed  and  erected,  well  braced  and  capable  of 
withstanding  the  greatest  wind,  and  shocks  from  heaviest  loads  that  are  to  be  lifted. 

See  that  the  hooks,  shackles  and  beckets  on  your  blocks  are  amply  strong,  and  don't  allow  a 
gate  block  to  be  used  without  it  being  closed  and  hooked.  Also  see  that  your  cables  and  chains, 
as  well  as  the  rings  and  hooks  in  the  same,  are  amplv  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  danger  to  men  or  material  by  so  doing.  Cut 
out  the  use  of  manila  line  whenever  possible.  When  you  are  obliged  to  use  it  be  sure  it  is  amply 
strong.  Use  steel  cable  whenever  possible,  as  it  is  safer,  will  last  longer  and  is  cheaper  in  the 
long  run.  Be  sure  that  the  guy  cables  for  gin  poles,  derricks,  etc.,  are  of  sufficient  size  to  with- 
stand the  tension  to  come  upon  them.  Also  that  the  cables  are  securely  fastened  by  means  of  a 
sufficient  number  of  good,  strong  clamps  well  fastened,  and  also  that  dead  men  or  other  anchorages 
are  ample,  and  watch  them  when  lifting  heavy  loads  to  see  that  guys  do  not  cut  dead  men  in  two. 
Keep  gin  pole  guys  as  near  at  right  angles  to  each  other  as  possible,  when  only  four  are  used. 

You  should  be  careful  to  see  that  the  gas  pipe  or  wooden  scaffold  you  use  is  of  proper  size 
and  strength  for  the  span  and  loads.  If  there  is  any  (question  about  the  strength,  test  the  same 
by  applying  several  times  the  load  that  will  come  upon  it.  See  that  plank  you  use  for  scaffolding, 
etc.,  is  the  right  kind  of  wood,  preferably  white  or  yellow  pine,  free  from  knots  and  shakes  and 
plenty  strong,  watching  to  see  that  it  is  thick  enough  for  the  span  on  which  it  is  used. 

Do  not  put  heavy  loads  on  light  push  cars.  The  frame  is  not  only  liable  to  crush  but  the 
shafts,  boxes  or  wheels  may  bend  or  break,  upsetting  the  load  and  injunng  the  men. 

2.  See  That  Tour  Equipment  is  in  Order. — In  setting  up  your  derricks  see  that  they  are 
plumb,  properly  guyed  and  that  the  splices  are  brought  into  contact  and  bolted  with  tight-fitting 
bolts.  See  that  the  goose-necks  fit  gudgeon  pin  closely  and  are  not  cracked  or  bent  and  that  the 
top  of  stiff-leg  is  tied  down  from  the  goose-neck  to  the  sill  to  prevent  lifting  tendency.  If  the 
timbers  in  the  mast,  boom,  stiff-legs  or  sills  are  rotten,  knotty  or  wind  shaken,  do  not  use  them. 
See  that  your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the  mast,  and  if  the  mast  is  of 
wood  that  the  wo<xl  is  not  rotten  or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as  possible,  as  failure  to  provide  good 
leads  reduces  the  efficiency  of  your  power  and  equipment,  as  well  as  producing  heavy  wear  on  the 
lines  and  is  a  freouent  cause  of  accidents.  Particular  care  should  be  exercised  in  securing  good 
leads  for  wire  cable  on  account  of  liability  of  breaking  the  individual  wire  strands  by  sharp  bends 
or  indirect  leads.  A  broken  individual  wire  is  liable  to  lie  across  and  cut  the  other  wires  of  the 
cable.  When  you  use  a  wooden  traveler  see  that  the  timbers  are  all  in  good  condition  and  that 
it  is  erected  plumb  and  square  and  the  Joints  are  properly  and  securely  bolted.  More  accidents 
occur  from  the  use  of  wooden  derricks  and  wooden  travelers  them  from  any  other  cause,  and  for  this 
reason  extreme  care  should  be  exercised  to  see  that  they  are  in  good  condition  before  using  them. 
When  a  traveler  is  used,  see  that  it  is  properly  ercctea  and  thoroughly  bolted  and  all  sway  and 
bracing  rods  tightened. 

Do  not  use  an  iron  gin  pole  if  the  sections  are  bent  or  dented  seriously,  or  the  splices  do  not 
clamp  the  pole  tightly  and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  timber  is  in  good 
condition,  well  spliced  with  good  long  splices  securely  bolted. 

See  that  your  hoisting  engine  is  in  good  order;  that  the  shafts  are  not  bent,  the  dogs,  clutches 
and  brakes,  including  the  friction,  are  in  good  condition  and  working  order.  The  lever  con- 
trolling the  winch  heads  should  be  straight  and  when  thrown  in  should  engage  the  ratchet  fully. 
See  that  winch  head  cannot  slip  oflf  shaft.  See  that  the  boilers  are  cleaned  frequently  and  kept  in 
good  condition. 

You  should  be  particular  to  see  that  gas  pipe  scaffolding  is  not  rusted  on  the  inside  and  that 
it  is  fastened  so  that  it  cannot  roll  or  turn.  Do  not  use  any  plank  or  timber  for  scaffolding  that 
is  knotty,  rotten  or  weather  cracked,  and  allow  no  man  to  work  on  scaffold  plank  laid  loose  on 
the  supports.  The  plank  should  be  fixed  so  that  they  cannot  move  or  slide  endwise,  by  using  drop 
bolts. 

All  cables  should  be  in  ^ood  condition  and  kept  oiled  or  greased  so  that  they  will  not  rust; 
if  they  are  not  in  good  condition,  do  not  use  them.  All  guy  cables  should  be  securely  fastened 
by  means  of  a  sufficient  number  of  good  clamps. 

See  that  your  chains  and  the  rings  and  hooks  in  the  same  are  not  worn,  cracked  or  bent 
out  of  shape  and  that  they  are  annealed  at  least  once  every  three  months  in  an  annealing  furnace, 
if  you  are  near  one,  or  otherwise  anneal  them  yourself  by  laying  them  down  in  a  straight  line  and 
building  a  good  sized  wood  fire  over  them,  heating  slowly  to  a  cherry  red,  then  cover  over  thor- 
oughly with  ashes  and  heated  dry  dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt.  In  laying 
the  chains  down  in  a  straight  line  do  not  lay  one  chain  on  top  of  another.  Be  particular  to  see 
that  the  covering  is  ample  so  that  air  or  moisture  cannot  cool  the  chains  quickly  or  partially. 
This  annealing  should  be  done  on  Saturday  and  chains  not  disturbed  until  Monday.  Chains 
used  frequently  every  day  should  be  annealed  once  a  month. 

See  that  your  blocks  are  in  good  order  and  that  the  beckets,  shackles  and  hooks  are  not 
bent,  cracked  or  out  of  shape,  and  that  faces  of  blocks  are  in  good  condition,  also  that  the  sheaves 
are  not  cracked  or  the  flanges  broken. 
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See  that  all  button  sets  (rivet  sets)  are  fastened  to  the  air  hammers. 

3.  See  that  Tour  Equipment  and  Tools  are  Properly  Used. — In  using  a  locomotive  crane  be 
sure  that  your  track  is  properly  ballasted  and  level  and  the  rails  well  spiked  down.  Do  not  lift  a 
load  sideways  when  the  locomotive  crane  is  standing  on  a  curve,  without  using  extra  care.  Use  your 
outriggers  and  rail  damps  when  lifting  a  heavy  load. 

The  loads  that  a  locomotive  crane  is  capable  of  handling  safely  for  each  radius  are  plainly 
marked  on  the  crane;  don't  attempt  to  lift  heavier  loads  with  the  crane. 

See  that  the  booms  of  locomotive  cranes,  derrick  cars  or  derricks,  are  in  first  class  condition. 
If  the  t>oom  (or  flanges  of  the  boom)  has  been  injured  or  bent,  don't  use  it,  but  replace  the  broken 
or  bent  part  with  new  material.  Don't  attempt  to  straighten  it,  as  the  material  m  all  probability 
has  been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  dangerous  piece  of  equipment,  for  this  reason  the  greatest 
possible  care  should  be  exercised  in  handling  the  same.  Don't  allow  any  man  on  the  car  or  crane 
cab,  except  the  craneman,  and  keep  workmen  from  under  the  boom.  Don't  attempt  to  shift  track  with 
vour  crane  standing  on  the  same  track,  and  don't  attempt  to  lift  a  maximum  load  with  the  boom 
horizontal. 

You  must  be  especially  careful  in  swinging  boom  sidewise  or  lifting  loads  sidewise  with  a 
derrick  car  as  your  car  will  upset  unless  you  use  outriggers  or  guys.  Don't  run  chances,  but  lift 
the  load  straight  ahead  wherever  possible.  See  that  the  boom  on  the  derrick  car  is  tightly  guyed 
at  all  times  with  wire,  rope  running  from  end  of  boom  to  sides  of  car.  Never  use  manila  line  for 
this  purpose,  as  it  will  stretch  and  your  boom  will  get  away  from  you,  upsetting  the  car.  Use 
additional  guys  to  end  of  boom  when  setting  heavy  loads. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car  on  a  curve,  be  sure  that  the  track  is 
level  and  the  outer  rail  not  elevated  as  is  customary  with  railroad  track. 

Be  very  careful  in  using  a  wooden  boom  extension  or  outriggers,  that  you  do  not  lift  too 
heavy  loads.  The  increased  length  of  the  boom  and  the  weight  of  extension  reduce  the  lifting 
capacity  considerably.  Whenever  possible,  avoid  the  attachment  of  guy  lines  to  railroad  tracks, 
as  numerous  accidents  have  occurred  by  car  running  into  the  guys. 

Hook  onto  sheets  or  bundles  of  small  material  so  that  they  cannot  slip  out. 

Don't  allow  men  to  carry  glazed  window  sash  on  their  shoulders  when  the  wind  is  blowing. 

See  that  gate  blocks  are  securely  fastened  and  that  men  do  not  stand  in  the  ''bite"  of  a  line. 

Do  not  use  a  light  gate  block  when  lifting  heavy  loads. 

Lines  should  be  run  around  two  winch  heads  when  making  a  heavy  lift. 

When  you  use  a  derrick  keep  the  boom  elevated  above  a  horizontal  line  as  far  as  possible,  as  gen- 
erally the  worst  stress  comes  on  the  boom  and  mast  as  well  as  stiff-legs  or  guy  lines  when  boom  is  tn  a 
horiiontal  position,  A  maocimum  load  for  the  derrick  should  never  be  lifted  with  the  boom  in  a  hori- 
tonUd  position. 

When  you  use  a  gin  pole  see  that  the  splices  are  well  bolted  and  the  pole  is  properly  guyed. 
Do  not  lean  the  pole  too  much  when  lifting  a  load  or  moving  the  pole  and  see  that  the  foot  of  the 
pole  cannot  move  or  slip  except  when  you  desire  to  move  it. 

A  number  of  accidents  have  occurred  through  the  improper  loading  of  push  cars.  See  that 
the  load  is  properly  placed  so  that  it  cannot  roll  or  tumble  over,  especially  going  around  a  curve. 
Do  not  allow  your  men  to  push  on  the  side  of  the  car  with  a  top  heavy  load.  They  should  push 
or  pull  from  the  ends  of  the  piece. 

When  you  lift  a  beam  or  girder  use  scissor  dogs  or  cast  steel  girder  hooks  wherever  possible, 
and  if  you  are  obliged  to  use  either  ordinary  dogs  or  chains  see  that  wooden  blocks  are  used  be- 
tween the  chain  or  dog  and  the  flange  to  prevent  the  girder  from  slipping. 

Avoid  the  use  of  chains  except  for  lilting  light  loads.  Where  you  nave  heavy  loads  to  lift 
use  cable  slines,  being  careful  to  avoid  sharp  bends  by  using  rounded  wooden  blocks  between 
cable  and  load.  Don't  put  too  many  parts  of  lashing  into  a  hook  as  by  doing  so  you  are  liable  to 
open  up  the  hook.     See  that  exposed  parts  of  danp^erous  machinery  are  properly  covered. 

4.  Be  Orderly,  Careful. — See  that  your  work  is  carried  on  in  an  orderly,  careful  manner. 
See  that  material  is  unloaded  and  piled  in  an  orderly,  careful  way  so  that  it  cannot  fall,  turn 

or  be  blown  over. 

Unless  necessary,  do  no  hoist  any  material  to  a  structure  until  you  are  ready  to  put  it  into 
position  and  properly  fasten  it.  In  cases  where  you  do  hoist  material  to  the  structure  before 
putting  it  in  its  final  position,  see  that  it  is  piled  in  an  orderly  way  so  that  it  cannot  turn  or  roll 
over  when  a  man  steps  on  it. 

Don't  let  tools  or  equipment  such  as  bolts,  nuts,  drift  pins,  blocks,  dolly  bars,  etc.,  lie  around 
so  that  they  can  be  knocked  off  the  work  or  so  that  any  one  can  fall  over  them.  Keep  every- 
thing orderly  and  in  ship-shape  and  allow  nothing  to  lie  around. 

5.  Be  Vigilant. — You  must  use  vigilance  and  be  on  the  job  practically  all  the  time  to^  see 
that  your  men  are  carrying  out  your  instructions;  that  tools  and  eouipment  are  in  fit  condition 
for  the  work  and  that  tney  are  handling  the  work  carefully  and  intelligently. 

Be  careful  and  insist  on  the  men  under  you  being  careful,  and  do  not  allow  any  one  who  is 
reckless  and  careless  to  work  for  you. 

3* 
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Whenever  any  question  as  to  the  safety  of  equipment  or  tools  or  the  work  which  you  are 
erecting  is  brought  to  your  attention  by  any  of  the  men  under  you  or  others,  investigate  the 
same  and  satisfy  yourself  of  the  safety  of  the  same  before  proceeding  further.  If  you  are  satisfied 
the  work,  equipment  or  tools  are  not  safe,  put  them  in  a  safe  condition  immediately. 

6.  See  that  Proper  Instruction  is  Given  Employees. — Call  attention  of  men  to  any  dangerous 
conditions  on  the  job  so  that  they  can  be  on  the  lookout.  Your  faithful  attention  to  this  matter 
is  to  the  interest  of  employee  and  employer  alike. 

7.  Unfit  Condition. — Vou  must  see  that  every  employe  under  you  is  in  proper  physical  con- 
dition. They  should  be  strong,  temperate,  clear-headed,  with  good  eyesight,  good  hearing,  and 
not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  has  been  drinking  or  drinks  during  working  hours 
or  who  is  sick  or  in  unfit  condition.  A  man's  mind  is  not  clear  who  is  at  all  under  the  influence 
of  liquor  and  thus  endangers  his  own  and  fellow  workmen's  lives.     Don't  employ  ignorant  persons. 

Don't  employ  any  one  under  eighteen  years  of  age  and  preferably  no  one  under  twenty-one. 
Those  employed  between  the  agea^f  eighteen  and  twenty-one  should  be  strong,  sober,  healthy 
boys  who  desire  to  learn  the  business.  You  must  secure  a  written  permit  from  the  parents  of 
all  boys  under  twenty-one  years  of  age,  authorizing  you  to  employ  them.  Forms  for  this  purpose 
will  be  sent  you.  The  character  of  this  business  is  such  that  a  workman  should  be  strong  and 
sound  in  body,  temp>erate  in  habits,  clear  and  alert  in  mind,  to  avoid  accidents. 

8.  Use  Judgment. — You  must  use  judgment  in  assigning  men  to  do  certain  work  and  see  that 
they  are  capable  and  experienced  in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgemen,  and  should  stand  in  a  position  where 
they  can  be  seen  by  the  men  at  the  hoisting  engine  and  those  connecting  the  work.  Signals 
should  be  clearly  understood.  Use  none  but  good,  careful,  experienced  locomotive  cranemen, 
derrick  car  men,  and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing^  an  inexperienced  man  to  do'the  work  where  experience 
counts.  Educate  the  men  up  to  their  work.  Don't  throw  too  much  on  inexperienced  men  all 
at  once.  You  should  see  that  the  pusher  and  men  use  proper  tools  to  do  the  work  and  handle 
same  properly.  Don't  allow  your  men  to  work  on  crane  runway  when  cranes  are  in  motion. 
Don't  allow  men  to  work  on  scaffold  that  you  would  not  work  on  yourself.  Where  there  are 
heavy  pieces  to  be  lifted  see  if  the  weight  is  marked  on  the  piece;  if  not,  get  the  weight  from 
the  invoice  and  mark  it  on,  calling  pusher's  attention  to  it. 

9.  Do  Not  Allow  Men  to  Woric  in  Perilous  Places. — You  must  see  that  your  men  are  not 
exposed  to  extremely  hazardous  conditions  and  that  they  are  not  allowed  to  work  in  extremely 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places  where  there  is  imminent  danger. 
Be  careful  not  to  allow  men  to  work  on  the  roofs  of  buildings  when  there  is  frost,  ice  or  snow 
on  the  same,  without  taking  extreme  precautions.     The  same  applies  to  other  steel  structures. 

10.  See  That  Workmen  Obey  Following  Rules. 

a.  Don't  Be  Reckless. — More  accidents  occur  through  recklessness  than  any  other  cause. 
Don't  walk  on  rods.     Don't  ride  a  load.     Don't  ride  on  a  locomotive  crane. 

b.  Don't  Be  Careless. — Look  where  you  step  and  be  sure  that  on  what  you  step  is  safe  and 
secure.  Don't  step  on  ends  of  loose  plank.  Don't  start  to  slide  down  a  line  unless  you  are  sure 
the  ends  are  fastened. 

c.  Be  Orderly. — Do  whatever  you  do  in  an  orderly,  careful  manner.  File  material  so  that 
it  cannot  roll,  fall,  tumble,  or  be  blown  over.  Don't  let  tools  or  equipment  such  as  bolts,  nuts, 
drift  pins,  blocks,  dolly  bars,  etc.,  lie  around  so  that  they  can  be  knocked  oflF  the  work  or  so  that 
any  one  can  fall  over  them. 

d.  Unfit  Condition. — Don't  go  to  work  if  you  have  been  drinking  or  do  not  feel  well.  If  you 
are  lame  or  have  any  defect  in  hearing  or  eyesight  you  should  not  work  at  this  business  as  by  so 
doing  you  endanger  your  own  and  fellow  workmen's  lives.  If  you  are  inexperienced  in,  or  un- 
suited  for  the  work  to  be  done,  don't  undertake  it. 

e.  Be  Vigilant — ^Watch  what  you  are  doing.  Don't  stand  or  work  under  a  load.  Don't 
go  in  the  "bite"  of  a  line  nor  stand  in  front  of  a  snatch  block.  Don't  work  on  or  about  a  crane 
runway  when  the  crane  is  in  use  unless  there  is  a  stop  between  you  and  the  crane. 

/.  Don't  Use  Unfit  Tools. — Be  sure  the  tools  and  equipment  you  use  are  in  good  working 
order.     If  they  are  not,  don't  use  them.     Don't  work  with  men  who  don't  observe  these  rules. 


SPECIFICATIONS  FOR  THE  ERECTION  OF  RAILWAY  BRIDGES* 
American  Railway  Engineering  Association. 

1.  Work  to  be  Done. — ^The  Contractor  shall  erect,  rivet  and  adjust  all  metal  work  in  place 
complete,  and  perform  all  other  work  hereinafter  specified. 

2.  I^ant. — The  Contractor  shall  provide  all  tools,  machinery  and  appliances  necessary  for 
the  expeditious  handling  of  the  work,  including  drift  pins  and  fittmg  up  bolts. 

3.  Falsework. — The  method  of  erection  and  plans  for  falsework  and  erection  equipment 
^lall  be  subject  to  approval  by  the  Engineer,  but  such  approval  shall  not  relieve  the  Contractor 

from  any  responsibility.     Falsework  will  be  built  by  f Falsework 

material  of  every  character  will  be  provided  by  the  t 

The  temporary  structure  for  use  during  erection  and  for  maintaining  the  traffic  shall  be 
properly  designed  and  substantially  constructed  for  the  loads  which  will  come  upon  it.  All  bents 
shall  be  thoroughly  secured  against  movement,  both  transvG|sely  and  longitudinally.  The  bents 
shall  be  well  secured  against  settling,  and  piles  used  whereyer  firm  bottom  cannot  be  obtained. 
Upon  completion  of  the  erection,  the  temporary  structure,  if  tne  property  of  the  Railway  Company, 
shall  be  removed  without  unnecessary  damage  and  neatly  piled  near  the  site  or  loaded  on  cars, 
as  may  be  directed.  If  the  property  of  the  Contractor,  it  shall  be  removed  in  a  manner  subject 
to  the  approval  of  the  Engineer. 

Falsework  placed  by  the  Railway  Company  under  an  old  structure  or  for  carrying  traffic, 
may  be  used  as  far  as  practicable  by  the  Contractor  during  erection,  but  it  shall  not  be  unneces- 
sanly  cut  or  wasted. 

4.  Conduct  of  Work. — The  work  shall  be  prosecuted  with  sufficient  force,  plant  and  ec^uip- 
ment  to  expedite  its  completion  to  the  utmost  extent  and  in  such  a  manner  as  to  be  at  all  times 
subordinate  to  the  use  of  the  tracks  by  the  Railway  Company,  and  so  as  not  to  interfere  with  the 
work  of  other  contractors,  or  to  close  or  obstruct  any  thoroughfare  by  land  or  water,  except 
under  proper  authority. 

Reasonable  reduction  of  speed  will  be  allowed  upon  request  of  the  Contractor. 

Tracks  shall  not  be  cut  nor  shall  trains  be  subjected  to  any  stoppage  except  when  specifically 
authorized  by  the  Engineer. 

The  Contractor  shall  protect  traffic  and  his  work  by  flagman  furnished  by  and  at  the  expense 
of  the  Railway  Company.  The  Contractor  shall  provide  competent  watchmen  to  guard  the  work 
and  material  against  injury. 

5.  Engine  Service. — If  under  the  contract,  work  train  or  engine  service  is  furnished  the 
Contractor  free  of  charge,  such  service  shall  consist  only  in  unloading  materials  and  in  trans- 
ferring the  same  from  a  convenient  siding  to  the  bridge  site.     Other  engine  service  shall  be  paid 

for  by  the  Contractor  at  the  rate  of  $ per  day  per  engine,  the  time  to  include  the  time 

necessary  for  the  engine  to  come  from  and  return  to  its  terminal.  When  engine  service  is  desired 
the  Contractor  shall  give  the  proper  railway  officials  at  least  24  hours*  advance  notice  and  the 
Railway  Company  will  furnish  the  service  as  promptly  as  possible,  consistent  with  railroad 
operations. 

When  derrick  cars  are  used  on  main  tracks,  their  movements  shall  be  in  charge  of  a  train 
crew,  and  the  expense  of  the  crew  and  any  engine  service  other  than  as  noted  above  shall  be 
charged  to  the  Contractor. 

6.  Transportation. — When  transportation  of  equipment,  materials  and  men  is  furnished 
free  over  the  Railway  Company's  line,  it  shall  be  subject  to  such  conditions  as  may  be  stated 
in  the  contract. 

7.  Masonry.— The  Railway  Company  will  furnish  all  masonry  to  correct  lines  and  elevations, 
and  unless  otherwise  stated  in  the  contract,  will  make  all  changes  in  old  masonry  without  un- 
necessarily impeding  the  operations  of  the  Contractor.  The  Railway  Company's  engineers  will 
establish  lines  and  elevations  and  assume  responsibility  therefor,  but  the  Contractor  shall  com- 
pare the  elevations,  distances,  etc.,  shown  on  plans,  with  the  masonry  as  actually  constructed  as 
far  as  practicable,  before  he  assembles  the  steel.  In  case  of  discrepancy,  he  shall  immediately 
notify  the  Engineer. 

8.  Handling  and  Storing  of  Materials. — Cars  containing  materials  or  plant  shall  be  promptly 
unloaded  upon  delivery  therefor,  and  in  case  of  failure  to  do  so  the  Contractor  shall  be  liable  for 
demurrage  charges.  Material  shall  be  placed  on  skids  above  the  ground,  laid  so  as  not  to  hold 
water,  and  stored  and  handled  in  such  a  manner  as  not  to  be  injur^  or  to  interfere  with  railroad 
operations.  The  expense  of  repairing  or  replacing  material  damaged  by  rough  handling  shall  be 
charged  to  the  Contractor.  The  Contractor,  while  unloading  and  storing  material,  shall  compare 
each  piece  with  the  shipping  list  and  promptly  report  any  shortage  or  injury  discovered. 

♦  Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912,  pp.  83-87,  935-945. 
t  Insert  "Railway  Company"  or  "Contractor,"  as  the  case  may  be. 

483 


484  ERECTION  OF  STRUCTURAL  STEEL. 

9.  Maintenance  of  Traffic — ^When  traffic  is  to  be  maintained  it  will  be  carried  on  in  such  a 
manner  as  to  interfere  as  little  as  practicable  with  the  work  of  the  Contractor. 

Changes  in  the  supporting  structure  or  tracks  required  during  erection  shall  be  at  all  times 
under  the  direct  control  and  supervision  of  the  Railway  Company. 

10.  Remoyal  of  Old  Structure. — Unless  otherwise  specified,  metal  work  in  the  old  structure 
shall  be  dismantled  without  unnecessary  damage  and  loaded  on  cars  or  neatly  piled  at  a  site 
immediately  adjacent  to  the  tracks,  and  at  a  convenient  grade  for  future  handling,  as  may  be 
directed.  When  the  structure  is  to  be  used  elsewhere  all  parts  will  be  matchmarked  by  the 
Railway  Company;  when  the  old  bridge  is  composed  of  several  spans  the  parts  of  each  shall  be  kept 
separate. 

11.  Metal  Work. — Material  shall  be  handled  without  damage.  Threads  of  all  pins  shall  be 
protected  by  pilot  and  driving  nuts  while  being  driven  in  place. 

Light  drifting  will  be  permitted  in  order  to  draw  the  parts  together,  but  drifting  for  the 
purpose  of  matchmg  unfair  holes  will  not  be  permitted.     Unfair  holes  shall  be  reamed  or  drilled. 

Nuts  on  pins  and  on  bolts  remaining  in  the  structure  shall  be  effectively  locked  by  checking 
the  threads. 

All  splices  and  field  connections  shall  be  securely  bolted  prior  to  riveting.  When  the  parts 
are  required  to  carry  traffic,  important  connections,  such  as  attachments  of  stringers  and  floor- 
beams,  shall  have  at  least  fifty  (50)  per  cent  of  the  holes  filled  with  bolts  and  twenty-five  (25)  per 
cent  with  drift  pins.  All  tension  splices  shall  be  riveted  up  complete  before  blocking  is  removed. 
When  not  carrymg  traffic,  at  least  thirty-three  and  one-third  (33!)  per  cent  of  the  holes  shall  have 
bolts. 

Rivets  in  splices  of  compression  members  shall  not  be  driven  until  the  members  shall  have 
been  subjected  to  full  dead  load  stresses.  Rivets  shall  be  driven  tight.  No  recupping  or  caulking 
will  be  permitted.  The  heads  shall  be  full  and  uniform  in  size  and  free  from  fins,  concentric 
and  in  full  contact  with  the  metal.     Heads  shall  be  pointed  immediately  after  acceptance. 

Rivets  shall  be  uniformly  and  thoroughly  heated  and  no  burnt  rivets  shall  be  driven.  All 
defective  rivets  shall  be  promptly  cut  out  and  redriven.  In  removing  rivets  the  surrounding 
metal  shall  not  be  injured;  if  necessary,  the  rivets  shall  be  drilled  out. 

12.  Misfits. — Correction  of  minor  misfits  and  a  reasonable  amount  of  reaming  shall  be  con- 
sidered as  a  legitimate  part  of  the  erection. 

Any  error  in  shop  work  which  prevents  the  proper  assembling  and  fitting  up  of  parts  by  the 
moderate  use  of  drift  pins,  and  a  moderate  amount  of  reaming  and  slight  chipping  or  cutting, 
shall  be  immediately  reported  to  the  Engineer  and  the  work  of  correction  done  in  the  presence  of 
the  Engineer,  who  shall  check  the  time  expended.  The  Contractor  shall  render  an  itemized  bill 
for  such  work  of  correction  for  the  approval  of  the  Engineer. 

13.  Anchor  Bolts. — Holes  for  all  anchor  bolts,  except  where  bolts  are  built  up  with  the 
masonry,  shall  be  drilled  by  the  Contractor  after  the  metal  is  in  place  and  the  bolts  shall  be  set 
in  Portland  cement  g^out. 

i±.  Bed  Plates. — Bed  plates  resting  on  masonry  shall  be  set  level  and  have  a  full  even  bearing 
over  their  entire  surface;  this  shall  be  attained  by  either  the  use  of  Portland  cement  grout  or 
mortar,  or  by  tightly  ramming  in  rust  cement  under  the  bed  plates  after  blocking  them  accurately 
in  pKjsition. 

15.  Decks. — ^The  * will  frame  and  place  the  permanent  timber  deck. 

16.  Paintini^. — ^The  paint  will  be  furnished  by  * and  shall  be  of 

such  color,  quality  and  manufacture  as  may  be  specified. 

Surfaces  inaccessible  after  erection,  such  as  bottoms  of  base  plates,  tops  of  stringers,  etc., 
shall  receive  two  coats  of  paint,  allowing  enough  rime  between  coats  for  the  first  coat  to  dry  before 
applying  the  second.  No  paint  shall  t^  applied  in  wet  or  freezing  weather,  nor  when  the  surface 
of  the  metal  is  damp.  Painting  shall  be  done  in  good  and  workmanlike  manner,  subject  to  strict 
inspection  during  progress  and  after  completion,  and  in  accordance  with  special  instructions 
which  shall  be  given  by  the  Engineer.  All  metal  shall  be  thorjughly  cleaned  of  dirt,  rust,  loose 
scale,  etc.,  before  the  paint  is  applied. 

17.  Clearing  the  Site. — Tne  Contractor,  after  completion  of  the  work  of  erection,  shall 
remove  all  old  material  and  debris  resulting  from  his  operations  and  place  the  premises  in  a  neat 

condition.  ^     .        ,  .  e   ,  ,     ,     >^ 

18.  Superintendence  and  Workmen. — Dunng  the  entire  progress  of  the  work  the  Contractor 
shall  have  a  competent  superintendent  in  personal  charge  and  shall  employ  only  skilled  and 
competent  workmen.  Instructions  given  by  the  Engineer  to  the  Superintendent  shall  be  carried 
out  the  same  as  if  given  to  the  Contractor.  If  any  of  the  Contractor's  employes  by  unseemly 
or  boistc  rous  conduct,  or  by  incompetency  or  dishonesty,  show  unfitness  for  employment  on  the 
work,  th(  \'  shall,  upon  instructions  from  the  Eingineer,  be  discharged  from  the  work,  nor  there- 
after bo  rmi)ioyed  upon  it  without  the  Engineer's  consent. 

*  Insert  "Railway  Company"  or  "Contractor."  as  the  case  may  be. 
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19.  Inspection. — ^The  work  of  erection  shall  at  all  times  be  subject  to  the  inspection  and 
acceptance  of  the  Engineer. 

30.  Engineer. — The  term  ''Engineer,"  as  used  herein,  shall  be  understood  to  mean  the 
Chief  Engineer  of  the  Railway  Company,  or  his  accredited  representative. 

INSTRUCTIONS  FOR  THE  INSPECTION  OF  BRIDGE  ERECTION  *      ^' 

(i)  Study  and  observe  the  plans  and  specifications  for  steel  construction.  Study  the  masonry 
plans  and  check  the  masonry  as  built  with  the  steel  plans. 

(2)  Familiarize  yourself  with  the  local  conditions  affecting  erection. 

Make  the  acquaintance  of  the  principal  men  engaged  upon  the  work  and  of  local  residents 
whose  interests  may  be  affected  thereby. 

(3)  Obtain  and  study  carefully  the  time  table  and  be  well  posted  concerning  the  time  when 
regular  and  extra  trains  are  due  and  their  relative  importance.  Acquaint  yourself  with  all  special 
traffic  arrangements,  made  because  of  the  work  in  hand. 

(4)  Secure  full  information  concerning  the  conditions  of  the  work  in  the  bridge  shop  and  the 
probable  dates  of  shipment. 

(5)  Obtain  reports  of  any  uncompleted  or  erroneous  work  that  must  be  attended  to  after 
arrival  of  the  material  in  the  field. 

(6)  Study  the  erection  program  in  order  to  avoid  delays  and  be  able  to  recommend  some 
other  procedure  in  an  emercency. 

(7)  Endeavor  to  have  full  preparations  made  before  disturbing  the  track  so  that  the  erection 
naay  proceed  rapidly  and  the  period  of  such  disturbance  be  made  a  minimum. 

(8)  Keep  a  record  of  the  arrival  of  all  materials.  The  contractor's  record  should  be  sufficient 
if  available.  Strive  to  anticipate  any  shortage  of  material  and  use  all  available  facilities  to  hasten 
delivery  of  the  needed  parts. 

(9)  Study  the  progress  of  the  work  and  determine  whether  it  is  likely  to  be  completed  in  the 
time  allotted.  If  not,  endeavor  to  secure  such  additions  to  the  force  and  equipment  as  will  insure 
such  completion. 

(10)  Make  a  daily  record  of  the  force  employed  and  the  distribution  of  labor,  in  a  way  that 
will  assist  in  following  clauses  9  and  23. 

(11)  Exercise  a  constant  supervision  of  any  temporary  structure  or  falsework  and  make 
sounding  if  necessary  with  the  purpose  of  discovering  any  evidence  of  failure  or  lack  of  safety 
and  having  it  corrected  before  damage  b  done.  Examine  erection  equipment  with  a  view  to  its 
safetv  and  adequacy. 

(12)  Be  constantly  on  hand  when  work  is  in  progress  and  note  any  damage  to  the  metal, 
failure  to  conform  to  the  specification  or  any  especial  difficulty  in  assembling. 

(13)  Make  sure  that  each  member  of  the  structure  is  placed  in  its  proper  position.  If  match 
marks  are  used,  examine  them  with  care. 

Endeavor  to  have  the  several  members  assembled  in  such  order  that  no  unsatisfactory  make- 
shifts need  be  resorted  to  in  getting  some  minor  member  in  place. 

(id)  Prevent  any  abuse  or  rough  usage  of  the  material.  Bending,  straining  and  heavy  pound- 
ing with  sledges  are  mcluded  in  such  abuse. 

(15)  Watch  carefully  the  use  of  fillers,  washers  and  threaded  members  to  see  that  they  are 
neither  omitted  nor  misused. 

(16)  Make  certain  that  all  parts  of  the  structure  are  properly  aligned  and  that  the  required 
Gimber  exists  before  riveting.  It  is  possible  for  a  structure  to  be  badly  distorted  although  the 
rivet  holes  are  well  filled  with  the  bolts. 

(17)  Watch  the  heating  of  rivets  to  insure  against  overheating  and  to  make  sure  that  scale 
is  removed. 

Examine  and  test  carefully  all  field-driven  rivets  and  have  any  that  are  loose  or  imperfect 
replaced. 

^  Have  cut  out  and  replaced  all  rivets,  whether  shop-driven  or  field-driven,  that  may  be  loosened 
during  erection  and  riveting. 

Prevent  injury  to  metal  while  removing  rivets. 

(18)  Present  to  the  contractor  at  once  for  his  attention  any  violation  of  the  specifications 
or  contract,  and  secure  a  correction  or  refer  the  matter  to  the  proper  authorities  as  soon  as  possible. 

(19)  Keep  informed  concerning  the  use  of  Company  material  and  work  trains  and  assist 
in  procuring  such  material  and  trains  when  needed,  and  preserve  a  record  thereof. 

(20)  Secure  a  match-marking  diagram  of  any  old  structure  to  be  removed  and  see  that  each 
part  of  such  structure  is  properly  marked  in  accordance  therewith.  Make  a  record  of  the  manner 
of  cutting  the  old  structure  apart  and  report  any  damage  to  the  members  of  the  old  structure, 

*  Am.  Ry.  Eng.  Assoc.,  Vol.  14.  p.  90. 
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Indicate  by  sketches  or  otherwise  such  repairs  or  replacement  as  will  be  found  necessary  in  re- 
erection. 

(21)  Secure  photographic  records  of  progress  and  the  important  features  of  the  work  where- 
ever  practicable. 

(22)  Make  a  record  of  flagging  of  trains,  whether  performed  for  the  benefit  of  the  Contractor 
or  otherwise,  delays  to  trains,  personal  injuries,  and  accidents  of  every  kind. 

(23)  Make  reports  as  directed,  showing  the  progress  of  the  work,  the  size  of  the  force  and 
the  equipment  in  use. 

Make  a  final  report  showing  the  cost  of  labor  of  erection  per  ton  of  material  erected,  the 
cost  of  labor  per  rivet  in  riveting,  the  cost  of  correcting  errors  in  design  and  fabrication  and  com- 
menting on  the  design  and  details;  and  give  such  other  information  as  may  be  useful  in  planning 
similar  work. 


CHAPTER  XV. 
Engineering  Materials. 


IRON  AND  STEEL. — ^The  following  definitions  were  adopted  by  the  Committee  on  the 
Uniform  Nomenclature  of  Iron  and  Steel  of  the  International  Association  for  Testing  Materials, 

September,  1906. 

Cast  Iron. — Iron  containing  so  much  carbon  or  its  eauivalent  that  it  is  not  malleable  at  any 
temperature.  The  committee  recommends  drawing  the  line  between  cast  iron  and  steel  at  2.20 
per  cent  carbon. 

Pig  Iron. — Cast  iron  which  has  been  cast  into  pigs  direct  from  the  blast  furnace. 

Bessemer  Pig  Iron. — Iron  which  contains  so  little  phosphorus  and  sulphur  that  it  can  be  used 
for  conversion  into  steel  by  the  original  or  acid  Bessemer  process  (restricted  to  pig  iron  containing 
not  more  than  o.io  per  cent  of  phosphorus). 

Basic  Pig  Iron. — Pig  iron  containing  so  little  silicon  and  sulphur  that  it  is  suited  for  easy 
conversion  into  steel  by  the  basic  ope^i-hearth  process  (restricted  to  pig  iron  containing  not  more 
than  1. 00  per  cent  of  silicon). 

Gray  Pig  Iron  and  .Gray  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  the  iron 
itself  is  nearly  or  quite  concealed  by  graphite,  so  that  the  fracture  has  the  gray  color  of  ^aphite. 

White  Fig  Iron  and  White  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  little 
or  no  graphite  is  visible,  so  that  the  fracture  is  silvery  and  white. 

Malleable  Castings. — Castings  made  from  iron  which  when  first  made  is  in  the  condition  of 
cast  iron,  and  is  made  malleable  by  subsequent  treatment  without  fusion. 

Malleable  Pig  Iron. — An  American  trade  name  for  the  pig  iron  suitable  for  converting  into 
malleable  castings  through  the  process  of  melting,  treating  when  molten,  casting  in  a  brittle  state, 
and  then  making  malleable  without  remelting. 

Wrought  Iron. — ^Slag-bearing,  malleable  iron,  which  does  not  harden  materially  when  suddenly 
cooled. 

SteeL — Iron  which  is  malleable  at  least  in  some  one  range  of  temperature  and  in  addition  is 
either  (a)  cast  into  an  initially  malleable  mass;  or,  (b)  is  capable  of  hardening  greatly  by  sudden 
cooling;  or,  (c)  is  both  so  cast  and  so  capable  of  hardening. 

G^n-hearfh  Steel. — Steel  made  by  the  open-hearth  process,  irrespective  of  carbon  content. 

Bessemer  Steel. — ^Steel  made  by  the  Bessemer  process,  irrespective  of  carbon  content. 

Blister  Steel. — Steel  made  by  carburizing  wrought  iron  by  heating  it  in  contact  with  car- 
bonaceous matter. 

Crucible  Steel. — ^Steel  made  by  the  crucible  process,  irrespective  of  carbon  content. 

Steel  Castings. — Unforged  and  unrolled  castings  made  of  Bessemer,  open-hearth,  crucible 
or  any  other  steel. 

AUoy  Steels. — Steels  which  owe  their  properties  chiefly  to  the  presence  of  an  element  other 
than  carbon. 

Classification  of  Iron  and  Steel. — ^The  limits  of  carbon,  the  specific  gravity  and  properties 

of  iron  and  steel  are  as  follows: 


Pier  cent  of  Carbon. 

Specific  Gravity. 

Properties. 

Cast  Iron 

5       to  1.50 

7.2 

Not  malleable,  not  temperable 

Steel 

1.50  to  0.10 

7.8 

Malleable  and  temperable 

Wrought  Iron 

0.30  to  0.05 

7.7 

Malleable,  not  temperable 

It  will  be  seen  that  the  percentage  of  carbon  alone  is  not  sufficient  to  distinguish  between  steel 
and  wrought  iron.  The  softer  grades  of  steel  resemble  wrought  iron.  Very  mild  open-hearth 
steel  is  often  sold  under  .  he  trade  name  of  "  Ingot  Iron,"  and  is  reputed  to  have  many  advantages 
over  structural  steel,  most  of  which  properties  it  does  not  possess  among  which  is  its  ability  to  resist 
corrosion. 
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X, — The  product  of  the  blast  furnace,  where  the  iron  ore  is  reduced  in  the  presence 
'd  pig  iron.  The  term  cast  iron  is  commonly  applied  to  pig  iron  after  it  has  been 
1  cast  into  finished  form.  Cast  iron  contains  carbon,  silicon,  sulphur,  phosphorus, 
in  addition  to  pure  iron,  and  occasionally  very  small  quantities  of  other  elements, 
carbon  depends  largely  upon  the  presence  of  other  elements. 

he  percentage  of  carbon  ordinarily  varies  between  li  and  4  per  cent,  but  in  the 
ganesc  the  carbon  may  be  much  higher.  Carbon  may  occur  in  the  form  of  com- 
vit^  a  white  brittle  cast  iron,  or  in  the  form  of  graphite,  giving;  a  gray  cast  iron, 
n  used  in  structural  castings.  The  proper  amount  of  carbon  in  cast  iron  depends 
t  of  other  impurities  and  upon  the  use  that  is  to  be  made  of  the  finished  product. 
!ie  carbon  is  controlled  by  varying  the  amount  of  silicon  and  sulphur.  Silicon 
tant  of  carbon,  changing  it  from  the  combined  form  to  the  graphite  form.  The 
ast  iron  is  usually  between  i  and  3  per  cent. 

iulphur  has  Che  opposite  effect  of  silicon  and  its  presence  is  considered  objection- 
produces  "  red-shortness  "  (brittlencss  when  the  iron  is  heated).  The  amount  of 
iron  castings  should  not  exceed  o.iz  per  cent. 

— Manganese  and  sulphur  both  tend  to  increase  the  amount  of  combined  carbon, 
o  neutralize  each  other.  Manganese  gives  closeness  of  grain  and  prevents  the 
:lphur  on  remelting.  The  amount  of  manganese  in  gray-iron  castings  is  usually 
«nt;  more  than  3  per  cent  makes  cast  iron  brittle. 

. — Phosphorus  increases  the  fudbility  and  fluidity  of  cast  iron  but  at  the  same 
cictle.  A  high  phosphorus  content  is  necessary  in  cast  iron  for  light  ornamental 
trength  is  not  required.     The  phosphorus  in  giay-iron  castings  varies  from  i  to 

^tinga. — Small  thin  castings  made  of  white  cast  iron  may  be  decarbonized  by 
i:^  in  annealing  pots  containing  hematite  ore  or  foige  iron  scale.  The  castings 
rry  red  heat  for  three  to  four  days,  and  are  then  allowed  to  cool  slowly.  The  metal 
tings  should  not  exceed  i  in.  in  thickness  in  small  castings,  nor  1  in.  in  large 
□uld  be  of  uniform  thickness. 

Cast  Iron. — The  strengths  of  gray-iron  castings  are  given  in  Table  I  and  tn  the 
r  Gray-iron  Castings  of  the  American  Society  for  Testing  Materials. 


«JDARD  SPECIFICATIONS  FOR  GRAY-IRON  CASTINGS 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS, 
Adoited  September  i,  1905. 
)f  Blannfactar*.     Unless  furnace  iron  is  specified,  all  gray  castings  are  understood 
he  cupola  process. 
1  Properties.     The  sulphur  contents  to  be  as  follows: 

astings not  over 0.08  percent 

n  castings "         o.io 

castings "         o.l  J 

ition.     In  dividing  castings  into  light,  medium  and  heavy  classes,  the  following 

t)ecn  adopted: 

vine  any  section  less  than  J  in.  thick  shall  be  known  as  light  eastings. 

which  no  section  is  less  than  3  in.  thick  shall  be  known  as  heavy  castings. 

tings  are  those  not  included  in  the  above  classification. 

PropertieB.     Tmnsvene  Test.    The  minimum  breaking  strength  of  the  "  Arbi- 

der  transverse  load  shall  be  not  under: 

astings 2,5«>  ">■ 

n  castings 3,900  " 

castings SiSOO  " 

the  deflection  be  under  o.lo  in. 
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TensHe  Test.    Where  speuGed,  this  shall  aot  run  less  than: 

Light  castings iS.ooo  lb.  per  sq.  in. 

Medium  castings 3I,(XN>   "     "       " 

Heavy  castings 34,000   "     "       " 

5.  Aibitntion  Bar.  The  quality  of  the  iron  going  into  castings  under  specification  shall  be 
determined  by  means  of  the  "  Arbitration  Bar."  This  is  a  bar  i  \  in.  in  diameter  and  15  in.  long. 
It  shall  be  prepared  as  stated  further  on  and  tested  transversely.  The  tensile  test  is  not  recom- 
mended, but  in  case  it  is  called  for,  the  bar  as  shown  in  Fig.  i ,  and  turned  up  from  any  of  the  broken 
pieces  of  the  transverse  test  shall  be  used.     The  expense  of  the  tensile  test  shall  fall  on  the  pur- 

6.  Number  of  Test  Bars.  Two  sets  of  two  bars  shall  be  cast  from  each  heat,  one  set  from  the 
first  and  the  other  set  from  the  last  iron  going  into  the  castings.  Where  the  heat  exceeds  twenty 
tons,  an  additional  set  of  two  bars  shall  be  cast  for  each  twenty  tons  or  fraction  thereof  above  this 
amount.  In  case  of  a  change  of  mixture  during  the  heat,  one  set  of  two  bars  shall  also  be  cast 
for  every  mixture  other  than  the  regular  one.  E^ch  set  of  two  bars  is  to  go  into  a  single  mold. 
The  bars  shall  not  be  rumbled  or  otherwise  treated,  being  simply  brushed  off  before  testii^. 


Fig.  1.— Arbitration  Test  Bab.    Tensile  Test  Piece. 

7.  H«tliod  o(  Teating.  The  transverse  test  shall  be  made  on  all  the  bars  cast,  with  supports 
13  in.  apart,  load  applied  at  the  middle,  and  the  deflection  at  rupture  noted.  One  bar  of  every 
two  of  eich  set  made  must  fulfil  the  requirements  to  permit  acceptance  of  the  castings  represented. 

8.  Hold  for  Test  Bar.  The  mold  for  the  bars  is  shown  in  Fig.  3.  The  bottom  of  the  bar  is 
A  in.  smaller  in  diameter  than  the  top,  to  allow  for  draft  and  for  the  strain  of  pouring.  The 
pattern  shall  not  be  rapped  before  withdrawing.  The  flask  is  to  be  rammed  up  with  green  molding 
sand,  a  little  damper  than  usual,  well  mixed  and  put  through  a  No.  8  sieve,  with  a  mixture  of  one 
to  twelve  bituminous  facing.  The  mold  shall  be  rammed  evenly  and  fairly  hard,  thoroughly  dried 
and  not  cast  until  it  is  cold.  The  test  bar  shall  not  be  removed  from  the  mold  until  cold  enough 
to  be  handled. 

9.  Speed  of  Testing.  The  rate  of  application  of  the  load  shall  be  from  30  to  40  seconds  for  a 
deflection  of  o.io  in. 

10.  Samples  for  Analysis.  Borings  from  the  broken  pieces  of  the  "  Arbitration  Bar  "  shall 
be  used  for  the  sulphur  determinations.  One  determination  for  each  mold  made  shall  be 
required.  In  case  of  dispute,  the  standards  of  the  American  Foundrymen's  Association  shall  be 
used  for  comparison. 

ri.  Finisli.  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  excessive  shrinkage. 
In  other  respects  they  shall  conform  to  whatever  points  may  be  specially  agreed  upon. 

la.  Inspection.  The  inspector  shall  have  reasonable  facilities  affordiS  him  by  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is  furnished  in  accordance  with  these  specifications. 
All  tests  and  inspections  shall,  as  far  as  possible,  be  made  at  the  place  of  manufacture  prior  to 
shipment. 

WROUGHT  ntOH. — Wrought  iron  is  made  in  a  reverberatory  furnace  from  pig  iron  or  from 
molten  metal  taken  directly  from  the  blast  furnace.  The  hearth  of  the  reverberatory  furnace  is 
fettled  with  high  grade  iron  ore  or  mill  scale,  which  acts  as  an  oxidizing  agent  for  reducing  the 
impurities.  The  puddling  process  may  be  divided  into  four  stages;  First  or  melting  down  stage, 
occupyii^  about  30  minutes,  during  which  the  silicon  and  manganese  are  oxidized  and  a  consider- 
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able  part  of  the  phosphorus  is  oxidized;  all  oxidized  products  unite  with  the  slag.  Second  or 
clearing  stage,  occupying  about  lo  minutes,  during  which  the  remainder  of  the  silicon  and  mai^a- 
nese,  and  more  of  the  phosphorus  are  oxidized  and  removed  from  the  pig  iron.  Third  or  boiling 
stage,  occupying  about  30  minutes,  in  which  nearly  all  the  carbon  is  removed  and  most  of  tbc 
remaining  phosphorvti  is  removed.  Last  or  balling  stage,  occupying  about  30  minutes,  in  wbidi 
the  metal  ia  gathered  by  the  puddler  into  balls  weighing  about  75  to  100  lb. 


Fig.  3. — Mold  for  Arbitration  Test  Bar. 

The  puddled  balls  of  iron  and  dag  are  hammered  or  are  run  through  rolls  to  squeeze  the  slag 
from  the  balls,  and  the  resulting  bars  are  called  muck  bars.  The  muck  bar  is  again  reheated  and 
rerolled  and  the  resulting  product  is  commercial  merchant  bar. 

Wrought  irnn  when  broken  in  tension  shows  a  fractured  section  irregular  and  fibrous.  Tbt 
strength  o(  wrought  iron  varies  with  the  chemical  composition,  the  mechanical  work  and  he*' 
treatment  it  has  received.  The  strength  of  wrought  iron  is  given  in  Table  I,  and  the  specificatwiM 
for  wrought-iron  bars  and  plates  as  adopted  by  the  American  Society  for  Testing  Material!  ve 
as  follows: 


STANDARD  SPECIFICATIONS  FOR  REFINED  WROUGHT-IRON  BARS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  1913. 

I.    MANUFACTURE. 

1.  Process.  Refined  wrought-iron  bars  shall  be  made  wholly  from  puddled  iron,  and  may 
consist  either  of  new  muck-bar  iron  or  a  mixture  of  muck-bar  iron  and  scrap,  but  shall  be  free 
from  any  admixture  of  steel. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

2.  Tension  Tests,  (a)  The  iron  shall  conform  to  the  following  minimum  requirements  as 
to  tensile  properties: 

Tensile  strength,  lb.  per  sq.  in 48,000 

(See  Sections  3  and  4.) 

Yield  point,  lb.  per  sq.  in 25,000 

Elongation  in  8  m.,  per  cent 22 

(S^  Section  5.) 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 
The  speed  of  the  cross-head  of  the  machine  shall  not  exceed  i  i  in.  per  minute. 

3.  Pennissible  Variations  in  Tensile  Strength.  Twenty  per  cent  of  the  test  speciniens  re- 
presenting one  size  may  show  tensile  strengths  1000  lb.  per  sq.  in.  under  or  5000  lb.  per  sq.  in.  over 
that  specified  in  Section  2;  but  no  specimen  shall  show  a  tensile  strength  under  45,000  lb.  per  sq.  in. 

4.  Modifications  in  Tensile  Strength.  For  flat  bars  which  have  to  be  reduced  in  width,  a 
deduction  of  looo  lb.  per  sq.  in.  from  the  tensile  strength  specified  in  Sections  2  and  3  shall  be 
made. 

5.  Permissible  Variations  in  Elongation.  Twenty  per  cent  of  the  test  specimens  representing 
one  size  may  show  the  following  percentages  of  elongation  in  8  in. : 

Round  Bars. 

J  in.  or  over,  tested  as  rolled 20  per  cent 

Under  i  in.,       "       '*      *'     16 

Reduced  by  machining 18 


14 


Flat  Bars. 

I  in.  or  over,  tested  as  rolled 18  per  cent 

Under  fin.,       "       "       "     16      " 

Reduced  by  machining 16 


6.  Bend  Tests,  (a)  Cold-bend  Tests, — Cold-bend  tests  will  be  made  only  on  bars  having  a 
nominal  area  of  4  sq.  in.  or  under,  in  which  case  the  test  specimen  shall  bend  cold  through  180  deg. 
without  fracture  on  the  outside  of  the  bent  portion,  around  a  pin  the  diameter  of  which  is  equal 
to  twice  the  diameter  or  thickness  of  the  specimen. 

(6)  Hot-bend  Tests. — The  test  specimen,  when  heated  to  a  temperature  between  1700°  and 
1800®  F.,  shall  bend  through  180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows: 
For  round  bars  under  2  sq.  in.  in  section,  flat  on  itself;  for  round  bars  2  sg.  in.  or  over  in  section 
and  for  all  flat  bars,  around  a  pin  the  diameter  of  which  is  equal  to  the  diameter  or  thickness  of 
the  specimen. 

(c)  Nick-bend  Tests, — The  test  specimen,  when  nicked  25  per  cent  around  for  round  bars, 
and  along  one  side  for  flat  bars,  with  a  tool  having  a  60-deg.  cutting  edge,  to  a  depth  of  not  less 
than  8  nor  more  than  16  per  cent  of  the  diameter  or  thickness  of  the  specimen,  and  broken,  shall 
not  show  more  than  10  per  cent  of  the  fractured  surface  to  be  crystalline. 

(d)  Bend  tests  may  be  made  by  pressure  or  by  blows. 

7.  Etch  Tests.*  The  cross-section  of  the  test  specimen  shall  be  ground  or  polished,  and  etched 
for  a  sufficient  period  to  develop  the  structure.  This  test  shall  show  the  material  to  be  free  from 
steel. 

•A  solution  of  two  parts  water,  one  part  concentrated  hydrochloric  acid,  and  one  part  con- 
centrated sulphuric  acici  is  recommendecf  for  the  etch  test. 
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8.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  shall  be  of  the  full  section  of 
material  as  rolled,  if  possible.  Otherwise,  the  specimens  shall  be  machined  from  the  material 
as  rolled;  the  axis  of  the  specimen  shall  be  located  at  any  point  one-half  the  distance  from  the 
center  to  the  surface  of  round  bars,  or  from  the  center  to  the  edge  of  flat  bars,  and  shall  be  parallel 
to  the  axis  of  the  bar. 

(b)  Etch  test  specimens  shall  be  of  the  full  section  of  material  as  rolled. 

9.  Number  of  Tests,  (a)  All  bars  of  one  size  shall  be  piled  separately.  One  bar  from  each 
100  or  fraction  thereof  will  be  selected  at  random  and  testeid  as  specified. 

(b)  If  any  test  specimen  from  the  bar  originally  selected  to  represent  a  lot  of  material,  contains 
surface  defects  not  visible  before  testing  but  visible  after  testing,  or  if  a  tension  test  specimen 
breaks  outside  the  middle  third  of  the  gage  length,  one  retest  from  a  different  bar  will  be  allowed. 

III.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

I  o.  Permissible  Variations,  (a)  Round  bars  shall  conform  to  the  standard  limit  gages  adopted 
by  the  Master  Car  Builders'  Association  in  1883. 

(b)  The  width  or  thickness  of  flat  bars  shall  not  vary  more  than  2  per  cent  from  that  specified. 

IV.    FINISH. 

11.  Finish.  The  bars  shall  be  smoothly  rolled  and  free  from  slivers,  depressions,  seams, 
crop  ends,  and  evidences  of  being  burnt. 

V.    INSPECTION  AND  REJECTION. 

12.  Inspection,  (a)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manu- 
facturer's works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer 
shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is 
being  furnished  in  accordance  with  these  specifications.  Tests  and  inspection  at  the  place  of 
manufacture  shall  be  made  prior  to  shipment. 

(b)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  material  in 
his  own  laboratory  or  elsewhere.     Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

13.  Rejection.  All  bars  of  one  size  will  be  rejected  if  the  test  specimens  representing  that 
size  do  not  conform  to  the  requirements  specified. 


STANDARD  SPECIFICATIONS  FOR  WROUGHT-IRON  PLATES 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  1913. 

1.  Classes.    These  specifications  cover  two  classes  of  wrought-iron  plates,  namely: 

Class  At  as  defined  in  Section  2  (6); 
Class  3,  as  defined  in  Section  2  (c). 

I.    MANUFACTURE. 

2.  Process,     (a)  All  plates  shall  be  rolled  from  piles  entirely  free  from  any  admixture  of  steel. 

(b)  Piles  for  Class  A  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  and 
such  scrap  as  emanates  from  rolling  the  plates. 

(c)  Piles  for  Class  B  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  or 
from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  wrought-iron  scrap. 

II.    PHYSICAL   PROPERTIES  AND  TESTS. 

3.  Tension  Tests.    The  plates  shall  conform  to  the  following  minimum  requirements  as  to 

tensile  projx^rties; 
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Proi>ertiet  Coniidered. 

Class  A. 

Class  B. 

6  In.  to  34  In., 

Ind., 

in  Width. 

Over  24  In. 

to  90  In.,  Ind., 

in  Width. 

6  In.  to  24  In., 

Ind., 

in  Width. 

Over  34  In. 

to  00  In..  Ind., 

in  Width. 

Tensile  strenffth.  lb.  Dcr  sa.  in 

49,000 

26,000 

16 

48,000 

26,000 

12 

48,000 
26,000 

14 

47.000 

26,000 

10 

Ellastic  limit,  lb.  ocr  sa.  in 

Fllonffation  in  8  in.,  ocr  cent 

4.  Modifications  in  Elongation.  For  plates  under  ^  in.  in  thickness,  a  deduction  of  i  from 
tlie  percentages  of  elongation  specified  in  Section  3  shall  be  made  for  each  decrease  of  A  in.  in 
thickness  below  A  in. 

5.  Bend  Tests,  (a)  Cold-bend  Tests, — ^The  test  specimen  shall  bend  cold  through  90  dep:. 
without  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  Class  A  plates,  around  a  pin 
the  diameter  of  which  is  equal  to  ij  times  the  thickness  of  the  specimen;  and  for  Class  B  plates, 
around  a  pin  the  diameter  of  which  is  equal  to  3  times  the  thickness  of  the  specimen. 

{b)  Nick-bend  Tests. — The  test  specimen,  when  nicked  on  one  side  and  broken,  shall  show 
for  Class  A  plates  a  wholly  fibrous  fracture,  and  for  Class  B  plates,  not  more  than  10  per  cent  of 
the  fractured  surface  to  be  crystalline. 

6.  Test  Specimens.  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished  plates 
and  shall  be  of  the  full  thickness  of  plates  as  rolleid.  The  longitudinal  axis  of  the  specimen  shall 
be  parallel  to  the  direction  in  which  the  plates  are  rolled. 

7.  Number  of  Tests,  (a)  One  tension,  one  cold-bend  and  one  nick-bend  test  shall  be  made 
for  each  variation  in  thickness  of  i  in.  and  not  less  than  one  test  for  every  ten  plates  as  rolled. 

(6)  If  any  test  specimen  fails  to  conform  to  the  requirements  specified  through  an  apparent 
local  defect,  a  retest  shall  be  taken;  and  should  the  retest  fail,  the  plates  represented  by  such  test 
shall  be  rejected. 

III.    FINISH. 

.  8.  Finish.    The  plates  shall  be  straight,  smooth  and  free  from  cinder  spots  and  holes,  and 
free  from  injurious  fiaws,  buckles,  blisters,  seams  and  laminations. 

IV.    INSPECTION  AND  REJECTION. 

9.  Inspection,  (a)  The  inspector  representing  the  purchaser  shall  have  free  entry  at  all 
times  while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manu- 
facturer's works  which  concern  the  manufacture' of  the  plates  ordered  The  manufacturer  shall 
afford  the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  plates  are  being 
furnished  in  accordance  with  these  specifications.  Tests  and  inspection  at  the  place  of  manu- 
facture shall  be  made  prior  to  shipment. 

(6)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  plates  at  his 
own  laboratory  or  elsewhere.    Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

STEEL. — ^The  three  principal  methods  for  the  manufacture  of  steel  are  (i)  the  crucible 
process,  (2)  the  Bessemer  process,  and  (3)  the  open-hearth  process.  The  crucible  process  is  used 
for  making  tool  steel.  The  Bessemer  process  is  used  for  making  structural  steel,  but  on  account 
of  its  requiring  a  high  grade  ore  for  a  satisfactory  steel,  and  the  difficulty  of  control,  it  is  now 
practically  replaced  by  the  open-hearth  process.  The  following  description  of  the  methods  of 
manufacture  of  steel  is  taken  from  Kent's  '*  Mechanical  Engineer's  Pocket-Book,"  page  451,  8th 
Edition,  1910. 

Tlie  Manufacture  of  Steel. — Cast  steel  is  a  malleable  alloy  of  iron,  cast  from  a  fluid  mass. 
It  is  distinguished  from  cast  iron,  which  is  not  malleable,  by  being  much  lower  in  carbon,  and  from 
wrought  iron,  which  is  welded  from  a  pasty  mass,  by  being  free  from  intermingled  slag.  Blister 
steel  IS  a  highly  carbonized  wrought  iron,  made  by  the  "  cementation  "  process,  which  consists 
in  keeping  wrought-iron  bars  at  a  red  heat  for  some  days  in  contact  with  charcoal.  Not  over  2 
per  cent  of  C  is  usually  absorbed.  The  surface  of  the  iron  is  covered  with  small  blisters,  supposedly 
due  to  the  action  of  carbon  on  slag.  Other  wrought  steels  were  formerly  made  by  direct  processes 
from  iron  ore,  and  by  the  puddling  process  from  wrought  iron,  but  these  steels  are  now  replaced 
by  cast  steels.  Blister  steel  is,  however,  still  used  as  a  raw  material  in  the  manufacture  of  crucible 
steel.     Case-hardening  is  a  process  of  surface  cementation. 
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Crucible  Steel  is  commonly  made  in  pots  or  crucibles  holding  about  80  pounds  of  metal. 
The  raw  material  may  be  steel  scrap;  blister  steel  bars;  wrought  iron  with  charcoal;  cast  iron  with 
wrought  iron  or  with  iron  ore;  or  any  mixture  that  will  produce  a  metal  having  the  desired  chemical 
constitution.  Manganese  in  some  form  is  usually  added  to  prevent  oxidation  of  the  iron.  Some 
silicon  is  usually  absorbed  from  the  crucible,  and  carbon  also  if  the  crucible  is  made  of  graphite 
and  clay.  The  crucible  being  covered,  the  steel  is  not  affected  by  the  oxygen  or  sulphur  in  the 
flame  The  quality  of  crucible  steel  depends  on  the  freedom  from  objectionable  elements,  such  as 
phosphorus,  in  the  mixture,  on  the  complete  removal  of  oxide,  slag  and  blowholes  by  "  dead- 
melting  '*  or  "  killing  "  before  pouring,  and  on  the  kind  and  quantity  of  different  elements  which 
are  added  in  the  mixture,  or  after  melting,  to  give  particular  qualities  to  the  steel,  such  as  carbon, 
manganese,  chromium,  tungsten  and  vanadium. 

Bessemer  Steel  is  made  by  blowing  air  through  a  bath  of  melted  pig  iron.  The  oxygen  of 
the  air  first  burns  away  the  silicon,  then  the  carbon,  and  before  the  carbon  is  entirely  burned  away, 
begins  to  burn  the  iron.  Spiegeleisen  or  ferro-manganese  is  then  added  to  deoxidize  the  metal 
and  to  give  it  the  amount  of  carbon  desired  in  the  finished  steel.  In  the  ordinary  or  "  acid  " 
Bessemer  process  the  lining  of  the  converter  is  a  silicious  material,  which  has  no  effect  on  phos- 
phorus, and  all  the  phosphorus  in  the  pig  iron  remains  in  the  steel.  In  the  "  basic  "  or  Thomas 
and  Gilchrist  process  the  lining  is  of  magnesian  limestone,  and  limestone  additions  are  made  to  the 
bath,  so  as  to  keep  the  slag  basic;  and  the  phosphorus  enters  the  slag.  By  this  process  ores  that 
were  formerly  unsuited  to  the  manufacture  of  steel  have  been  made  available. 

Open-hearth  Steel. — ^Any  mixture  that  may  be  used  for  making  steel  in  a  crucible  may  also 
be  melted  on  the  open  hearth  of  a  Siemens  regenerative  furnace,  and  may  be  desiliconized  and 
decarbonized  by  the  action  of  the  flame  and  by  additions  of  iron  ore,  deoxidized  by  the  addition 
of  spiegeleisen  or  ferro-manganese,  and  recarbonized  by  the  same  additions  or  by  pig  iron.  In  the 
most  common  form  of  the  process  pig  iron  and  scrap  steel  are  melted  together  on  the  hearth,  and 
after  the  manganese  has  been  added  to  the  bath  it  is  tapp>ed  into  the  ladle.  In  the  Talbot  process 
a  large  bath  of  melted  material  is  kept  in  the  furnace,  melted  pig  iron,  taken  from  a  blast  furnace, 
is  added  to  it,  and  iron  ore  is  added  which  contributes  its  iron  to  the  melted  metal  while  its  oxygen 
decarbonizes  the  pig  iron.  When  the  decarbonization  has  proceeded  far  enough,  ferro-manganese 
is  added  to  destroy  iron  oxide,  and  a  portion  of  the  metal  is  tapped  out,  leaving  the  remainder  to 
receive  another  charge  of  pig  iron,  ana  thus  the  process  is  continued  indefinitely.  In  the  Duplex 
process  melted  cast  iron  is  desiliconized  in  a  Bessemer  converter,  and  then  run  into  an  open 
hearth,  where  the  steel-making  operation  is  finished. 

The  open-hearth  process,  like  the  Bessemer,  may  be  either  acid  or  basic,  according  to  the 
character  of  the  lining.  The  basic  process  is  a  dephosphorizing  one,  and  is  the  one  most  generally 
available,  as  it  can  use  pig  irons  that  are  either  low  or  high  in  phosphorus. 

Strength  of  Steel. — ^The  properties  most  desired  in  steel  are  strength  and  ductility.  Pure 
iron  has  a  tensile  strength  of  about  40,000  lb.  per  sq.  in.  and  is  very  ductile.  This  strength  is 
usually  increased  by  the  impurities  found  in  steel. 

Carbon  is  the  important  impurity  as  it  gives  strength  with  the  least  decrease  in  ductility. 
Campbell  states  that  each  o.oi  per  cent  of  carbon  will  increase  the  strength  of  acid  open-hearth 
steel  by  1000  lb.  per  sq.  in.,  and  of  basic  open-hearth  steel  by  770  lb.  per  sq.  in.  The  maximum 
tensile  strength  of  steel  is  reached  with  0.9  to  i.o  per  cent  of  carbon. 

Silicon  has  little  effect  on  the  strength  of  rolled  steel,  but  in  castings  0.3  to  0.4  per  cent  of 
silicon  increases  the  tensile  strength  of  steel  castings  and  produces  soundness. 

Sulphur  has  little  effect  on  the  strength  of  open-hearth  steel,  but  it  produces  "  red-shortness," 
and  produces  checks  and  cracks  during  the  rolling  or  during  the  cooling  of  castings. 

Phosphorus  increases  the  static  strength  of  steel  about  1000  lb.  for  each  o.oi  per  cent  of 
phosphorus.  The  increase  in  strength  is  obtained  at  a  great  loss  in  ductility  and  produces  a  steel 
that  is  brittle  and  unreliable. 

Manganese  when  above  0.3  to  0.4  per  cent  increases  the  tensile  strength  of  steel.  The 
increase  in  strength  above  0.4  per  cent  is  about  300  lb.  per  sq.  in.  for  acid  open-hearth  and  130  lb. 
per  sq.  in.  for  basic  open-hearth  steel  for  each  additional  o.oi  per  cent  of  manganese. 

From  the  above  discussion  it  will  be  seen  that  if  certain  physical  characteristics  are  required 
in  a  steel  the  manufacturer  must  be  left  free  to  vary  part  of  the  impurities.  For  example  if  a 
high  grade  structural  steel  with  an  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  is  desired,  the 
phosphorus  and  sulphur  may  be  limited  in  addition  to  the  prescribed  physical  limits  if  the  carbon 
is  left  open. 
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Fonnulas  for  Tensile  Strength. — Campbell  gives  the  following  formulas  for  the  strength  of 
acid  and  basic  open-hearth  steels: 

For  acid  steel,  Ultimate  strength  =  40,000  +  1000  C  +  1000  P  +  X.Mn  +  R. 

For  basic  steel,  Ultimate  strength  =  41,500  +  770  C  +  1000  P  +  X.Mn  +  R. 

In  these  formulas,  C  *=  o.oi  per  cent  carbon,  P  =  o.oi  phosphorus,  Mn  =  o.oi  per  cent 
manganese  above  0.4  per  cent  for  acid  and  above  0.3  per  cent  for  basic  steel,  and  R  is  a  variable 
depending  upon  the  heat  treatment  of  the  steel.  The  coefficient  of  Mn.  X,  varies  as  follows: 
For  acid  steel,  for  o.io  per  cent  carbon,  X  =  80,  and  for  0.60  per  cent  carbon,  X  =  480  and  pro- 
portional for  intermediate  values;  while  for  basic  steel,  for  0.05  per  cent  carbon,  X  =  no,  and  for 
0.40  per  cent  carbon,  X  »  250  and  proportional  for  intermediate  values. 

Special  Steels. — The  following  special  steels  have  been  used.  Nickel  is  used  as  an  alloy  for 
structural  and  other  kinds  of  steel,  the  specifications  for  structural  nickel  steel  of  the  American 
Society  for  Testing  Materials  require  that  there  be  not  less  than  3i  per  cent  of  nickel.  Chrome 
steel — carbon  steel  with  about  0.5  per  cent  chromium — was  used  in  the  Eads  bridge  in  187 1.  Chro- 
mium is  now  used  in  combination  with  nickel,  making  Chromium-nickel  steel;  with  vanadium, 
making  Chromium-vanadium  steel,  and  with  both  nickel  and  vanadium,  making  Chromium- 
nickel-vanadium  steel.  Copper  steels  are  those  having  from  i  to  4  per  cent  of  copper,  carbon  being 
less  than  i  per  cent.  Manganese  steel  with  from  6  to  12  per  cent  manganese  is  very  tough  and 
malleable. 

^ledfications  for  Structural  Steel. — ^The  allowable  stresses  for  structural  steel  are  given  in 
Table  I  and  in  the  specifications  of  the  American  Society  for  Testing  Materials  which  follow. 

Allowable  Stresses  in  Steel  and  Iron. — ^The  allowable  stresses  for  steel  frame  mill  buildings  are 
given  in  the  "Specifications  for  Steel  Frame  Buildings,"  in  Chapter  I.  The  allowable  stresses 
for  steel  office  buildings  are  given  in  the  "Specifications  for  Steel  Office  Buildings,"  in  Chapter  II. 
The  allowable  stresses  for  steel  highway  bridges  are  given  in  the  "Specifications  for  Steel  Highway 
Bridges,"  in  Chapter  III.  The  allowable  stresses  for  steel  railway  bridges  are  given  in  the  "Spsci- 
fications  for  Steel  Railway  Bridges,"  in  Chapter  IV.  The  allowable  stresses  in  steel  bins  are 
given  in  Chapter  VIII,  p.  313.  The  allowable  stresses  for  steal  grain  bins  are  given  in  Chapter 
IX,  p.  326.  The  allowable  stresses  in  steel  head  frames  and  coal  tipples  are  given  in  the  "Speci- 
fications for  Steel  Head  Frames  and  Coal  Tipples,  Washers  and  Breakers,"  in  Chapter  X.  The 
allowable  stresses  in  steel  stand-pipes  and  elevated  tanks  are  given  in  the  "Specifications  for 
Elevated  Steel  Tanks  on  Towsrs  and  for  Stand-Pipes,"  in  Chapter  XI.  The  allowable  stresses 
for  the  steel  and  cast  iron  details  in  timber  bridges  are  the  same  as  for  steel  railway  bridges  given 
in  Chapter  IV.    The  allowable  stresses  in  steel  reinforcement  are  given  on  page  521. 

Nickel  Steel. — In  a  paper  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell.  in 
Trans.  Am.  Soc.  C.  E.,  Vol.  63,  June  1909,  the  allowable  unit  stress  in  lb.  per  sq.  in.  for  carbon 
steel  is  given  as  P  —  18,000  —  70  //r,  and  for  nickel  steel  as  P  =»  30,000  —  120  //r,  where  /  is  the 
length  and  r  is  the  corresponding  radius  of  gyration,  both  in  inches.  The  impact  coefficient 
adopted  by  Mr.  Waddell  is  given  on  page  161. 
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TABLE   I. 

Strength  Pkoferties  of  Structural  Steel  and  Iron— American  Society  for  Testing 

Materials,  Year  Book,  1913. 


TeuUc  SueoEth.  Lb,  Sq.  Id. 


Reduction 


Rivet  Steel 

BUILDINGS 

Structural  Steel 

Rivet  Steel 

SHIPS 
Structural  Steel 

Rivet  Steel 

BOILER  AND  RIVET  STEEL 

Flange  Steel 

Fireboi  Steel 

Boiler  Rivet  Steel 


S  5,000-65 ,000 
48,000-58,0 
55,000-65,0 
48,000-58,0 

58,000-68,000 
S5,ooo-65,oc 
5S,ooo-65.oc 
Si,ooo-62,oc 

45.000-55,000 


i  ultiiTUite 
j  ultimate 
i  ultiiTUite 
]  ultimate 
i  ultimate 
i  ultimate 
i  ultimate 
}  ultimate 
i  ukim 


85 ,000- 1 00,0c 


Eye-ban  and  rollen  (unannealed) 
Eye-bars  and  Pini  (annealed) .... 


SO,OC 


BILLET-STEEL  REINFORCEMENT  BARS 
SS,ooo-70,o( 

I  Hard So,ooo  m 

f  Structural 55,00O-7O,0< 


ColdTwiited 

RAIL-STEEL  REINFORCEMENT  BARS 


I  ulumate 
\  ultimate 


Deformed  and  Hot-twi»ted. . 
WROUGHT  IRON 

Refined  Bars 

PUles 

STEEL  CASTINGS 

Hard   

Medium   

Soft 

GRAY  IRON  CASTINGS 

Light  Castings 

Medium  Castings 

Heavv  Casiingi.. , 

MALLEABLE  CASTINGS.. 


47,000-49,000 

80.000 

70,000 
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and  bend  teat  Bpecimens  for  plates,  ahapes  and  bars,  except  as  specified  in  Para- 
«  of  the  full  thicknessof  material  as  rolled;  and  maybe  machined  to  the  (arm  and 
n  in  Fig.  I,  or  with  both  edges  parallel. 


*Al™t«^j  ^1 

»5lnMjiateuMjB««lUj:U,        lUlnUV 

'.  M — y-'- ' 

i 

I .d*±'^-,^u-- -., 

Fig.  2. 


and  bend  test  specimens  (or  plates  and  bars  over  i)  in.  in  thickness  or  diameter 
i  to  a  thickness  or  diameter  of  at  least  j  in.  for  a  length  of  at  least  9  in. 
I  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  I  in.  from  the 
llel  to  the  axis  of  the  bar.    Tension  test  specimens  shall  be  of  the  form  and  di- 
in  Fig.  2.     Bend  test  specimens  shall  be  i  by  }  in.  in  section. 
and  Dend  test  specimens  (or  rivet  steel  shall  be  of  the  full-»ze  section  of  bars  as 

of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
iterial  from  one  melt  differs  {  in.  or  more  in  thickness,  one  tension  and  one  bend 
le  from  both  the  thickest  and  the  thinnest  material  rolled. 

est  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
aks  outside  the  middle  third  of  the  gage  length,  or  if  a  3-in.  tension  test  specimen 
le  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 

Iblfl  Variatioiu.     The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vary 

:r  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 

illowing  permissible  variations  to  apply  to  »ng!c  plates: 

rdered  to  Weight. — For  plates  laj  lb.  per  sq.  ft.  or  over: 

)  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 

width  or  over.  5  per  cent  above  or  below  the  specified  weight. 

inder  \2\  lb.  per  sq.  ft.; 

in.  in  width,  3.5  per  cent  above  or  below  the  specified  weight; 

in.,  exclu^ve,  in  width.  5  per  cent  above  or  3  per  cent  below  the  specified  weight ; 

width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 

rdered  to  Gage. — The  thickness  of  each  plate  shall  not  vary  more  than  o.oi  in. 

ed. 


r  the  nominal  weight  corresponding  to  the  din: 
plate,  if  not  more  than  that  shown  in  the  following  table,  01 
[ted  to  weigh  0.2833  'b.: 
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• 

Allowablb  Excbs  (kzprbssio  as  pbrckntagb  or  Nominal  Wbght).         | 

ThickiiMi 

Nominal 
Weight.  Lb. 

For  Width  of  Plate  aa  foUowi: 

vnnereat 

In. 

Per  Sq.  Ft 

Under  50 

50  to  70 

70  In.  or 

Under  75 

75  to  100 

100  to  115 

115  In.  or 

In. 

hu,  Ezd. 

Over. 

In. 

In.,  Exd. 

In..  Exd. 

Over. 

itoA 

c.ioto   6.37 

10 

IS 

20 

•   • 

•    • 

•   • 

r~t 

6.37"     7.65 
7.65  "  10.20 

8.5 
7 

12.5 
10 

17 
15 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

A 

10.20 

•   • 

10 

14 

18 

12.75 

8 

12 

16 

A 

15.30 

Z 

10 

13 

17 

17.85 

6 

8 

10 

13 

A 

20.40 
22.95 

5 
4.5 

7 
6.5 

9 

2-5 

12 
II 

t 

25.50 

4 

6 

8 

10 

Overt 

•  • 

35 

5 

6.5 

9 

•  V.    FINISH. 

II.  Finish*  The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
manlike finish. 

VI.    MARKING. 

13.  Maikiiig.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  The  melt  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 

VII.    INSPECTION  AND  REJECTION. 

13.  Lispection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  ac- 
cordance with  Section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rdected,  and  the  manufacturer  shall  be  notified. 

i^.  Rehearing.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 


STANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BRIDGES 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  1913. 

I.    MANUFACTURE. 

^  I.  Steel  Casttngs.  The  Standard  Specifications  for  Steel  Castings  adopted  by  the  American 
Society  for  Testing  Materials,  are  hereby  made  a  part  of  these  specifications,  and  shall  govern  the 
purchase  of  steel  castings  for  bridges.* 

2.  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 

*  In  using  the  Standard  Specifications  for  Steel  Castings  for  the  purchase  of  castings  for  bridges, 
it  is  necessary  to  specify  both  the  class  and  grade  of  casting  desired. 
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(fi)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  the 
surface  and  parallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  di- 
mensions shown  in  Fig.  2.     Bend  test  specimens  shall  be  i  by  i  in.  in  section. 


;<AbodtS^ 


1— 
I 

it 


♦  ♦ 


t 


•  I 


-AboatU' 
FiG.  I. 


* 
I 


if)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 
rolled. 

11.  Number  of  Tests,  {a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
except  that  if  material  from  one  melt  differs  f  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

{h)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  specimen 
breal^  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 

12.  Permissible  Variations.  The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vary 
more  than  2.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)  When  Ordered  to  Weight, — For  plates  I2i  lb.  per  sq  ft.  or  over: 
Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weieht; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  12)  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight; 
100  in.  in  width  or  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 
(Jb)  When  Ordered  to  Gage, — The  thickness  of  each  plate  shall  not  vary  more  than  o.oi  in. 
under  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  lb>* 

V.    FINISH. 

13.  Finish.    The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
ib 


manlike  finish. 


VI.    MARKING. 


14.  Marldng.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legiblv 
stanriped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small 
sections  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification. 
The  identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  The  melt 
number  shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 
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Allowablb  Excess  (kzprbssio  as  pbrckntagb  or  Nominal  Wbght).          | 

ThickneM 

Nominal 

For  Width  of  Plate  aa  follows: 

OrrifMvH 

Weight.  Lb. 
Pfer  Sq.  Ft. 

In. 

Under  50 

so  to  70 

70  In.  or 

Under  75 

75  to  100 

100  to  1x5 

X15  In.  or 

In. 

In^  Ezd. 

Over. 

In. 

In.,  EaccL 

In..  Exd. 

Over. 

ItoA 

5.10  to    6.37 

10 

15 

20 

•    • 

. . 

b . 

•    • 

A  "A 

6.37"     7.6s 

8.5 

12.5 

17 

•   • 

•  • 

. . 

•     i 

A"  J 

7.65  "  10.20 

7 

10 

15 

•   • 

. . 

.  • 

«     , 

A 

10.20 
12.75 

10 

8 

14 
12 

18 
16 

•  i 

•  i 

( 

i 

15.30 

7 

10 

13 

17 

17.85 

6 

8 

ID 

13 

t 

20.40 

5 

7 

9 

12 

22.95 

45 

6.5 

8.5 

II 

^*     . 

25.50 

4 

6 

8 

10 

Overt 

•  • 

3-5 

5 

6.5 

9 

VII.    INSPECTION  AND  REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  l^ing  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  matenal  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  mjurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  5,  which  represent  reject€?d 
jnaterial,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
Xime. 


STANDARD    SPECIFICATIONS    FOR    STRUCTURAL    NICKEL    STEEL 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  19 13. 

I.    MANUFACTURE. 

1.  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 

2.  Discard.  A  sufficient  discard  shall  be  made  from  each  ingot  intended  for  eye-bars  to 
secure  freedom  from  injurious  piping  and  undue  segregation. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

3.  Chemical  Composition.    The  steel  shall  conform  to  the  following  requirements  as  to 

chemical  composition:  

Structural  Stebl.  Rivbt  Steel. 

Carbon not  over  0.45  not  over  0.30  per  cent 

Manganese *'       "    0.70  "      "    0.60       " 

Pi,^,>hor„«/Acid "       "    0.05  "        "    0.04       " 

Phosphoru8|g^^j^ u       u     ^^^  u       u     Q03         .1 

Sulphur *'       "0.04  '•      "0.04       II 

Nickel not  under  3.25  not  under  3.25 

4.  Ladle  Analyses.  An  analysis  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken 
during  the  pouring  of  each  melt,  A  copy  of  this  analysis  shall  be  given  to  the  purchaser  or  his 
representative.    This  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 
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5.  Check  AnaljTses.    A  check  analysis  may  be  made  by  the  purchaser  from  finished  material 
representing  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

6.  Tension  Tests,     (a)  The  steel  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

Tensile  Ppoperties  from  Specimen  Tests. 


Properties  Considered. 

Rivets. 

Plates,  Shapes 
and  Bars. 

Eye- Bars  and  Rol- 
lers.^ Unannealed. 

Eye- Bars*  and 
Pins,*  Annealed. 

Tensile  strength,  lb.  per  sq.  in. . . 
Yield  point,  min.,  lb.  per  sq.  in. . 

Elongation  in  8  in.,  min.,  per  cent. 
Elontration  in  2  in.,  min..  per  cent. 

70,000-80,000 

45,000 

1,500,000 

Tens.  Str. 

85,000-100,000 

50,000 

1,500,000* 

Tens.  Str. 

95,000-110,000 

55»000 

1,500,000* 

Tens.  Str. 
16 

25 

90,000-105,000 
52,000 

20 
20 

35 

Reduction  of  area  min.,  per  cent.. 

40 

25 

*  Tests  of  annealed  specimens  of  eye-bars  shall  be  made  for  information  only. 

*  See  Section  7. 

'  Elongation  shall  be  measured  in  2  in. 

(6)  The  vield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Modifications  in  Elongation.  For  plates,  sha(>es  and  unannealed  bars  over  i  in.  in  thick- 
ness, a  deduction  of  i  from  the  percentage  of  elongation  specified  in  Section  6  shall  be  made  for 
each  increase  of  i  in.  in  thickness  above  i  in.,  to  a  minimum  of  14  per  cent. 

8.  Character  of  Fracture.  All  broken  tension  test  specimens  shall  show  either  a  silky  or  a 
very  fine  granular  fracture,  of  uniform  color,  and  free  from  coarse  crystals. 

JK  Bend  Tests,  (a)  The  test  specimen  for  plates,  shap>es  and  bars  shall  bend  cold  through 
eg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows:  For  material  }  in.  or  under 
in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for 
material  over  }  in.  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen. 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  i  in. 
pin,  without  fracture  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

10.  Tests  of  Ancles,  (a)  Angles  with  ^  in.  legs  or  under,  and  i  in.  or  under  in  thickness, 
shall  open  flat  or  bend  shut,  cold,  under  the  blows  of  a  hammer  without  cracking. 

(6)  Angles  with  legs  over  4  in.,  or  over  i  in.  in  thickness,  shall  open  to  an  angle  of  150  deg., 
or  close  to  an  angle  of  30  deg.,  cold,  under  the  blows  of  a  hammer  without  cracking. 

11.  Drift  Tests.  Punched  rivet  holes  pitched  two  diameters  from  a  planed  edge  shall  stand 
drifting  until  the  diameter  is  enlarged  50  per  cent  without  cracking  the  metal. 

12.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forged  material.    Specimens  for  pins  shall  be  taken  after  annealing. 

(b)  Tension  and  bend  test  specimens  for  plates,  shap>es  and  bars,  except  as  specified  in  Para- 
graph (c),  shall  be  of  the  full  thickness  of  material  as  rolled.  They  may  be  machined  to  the  form 
and  dimensions  shown  in  Fig.  i,  or  with  both. edges  parallel;  except  that  bend  test  specimens  shall 
not  be  less  than  2  in.  in  width,  and  that  bend  test  specimens  for  eye-bar  flats  may  have  three 
rolled  sides. 
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(c)  Tension  and  bend  test  specimens  for  plates  and  bars  (except  eye-bar  flats)  over  1}  in.  in 
thickness  or  diameter  may  be  machined  to  a  thickness  or  diameter  of  at  least  }  in.  for  a  length  of 
at  least  9  in. 
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(d)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  the 
surface  and  parallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  dimen- 
sions shown  in  Fig.  2.     Bend  test  s()ecimens  shall  be  i  by  i  in.  in  section. 

(e)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 
rolled. 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
except  that  if  material  from  one  melt  differs  f  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  specimen 
breal^  outside  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 


Fig.  2. 

IV.    PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  GAGE. 

14.  Permissible  Variations.    The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vary 
more  than  2.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  i)ermissible  variations  to  apply  to  single  plates: 
(a)  When  Ordered  to  Weight, — For  plates  I2|  lb.  per  sq.  ft.  or  over: 
Under  100  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
100  in.  in  width  and  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  I2|  lb.  per  sq.  ft.: 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
75  to  100  in.  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight; 
100  in.  in  width  and  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 
(6)  When  Ordered  to  Gage, — The  thickness  of  each  plate  shall  not  vary  more  than  o.oi  in. 
below  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
steel  being  assumed  to  weigh  0.2833  ^b*  • 


Allowablb  Excess  (kxprbssbd  as  pbrcbntacb  or  Nominal  Wbght).         | 

Thicknea* 

Oideied, 

Id. 

Nominal 

Weight.  Lb. 

Per  Sq.  Ft. 

For  Width  of  Plate  aa  followi: 

Under  so 

SO  to  70 

70  In.  or 

Under  75 

7S  to  ZOO 

ZOO  to  IIS 

IIS  In.  or 

In. 

In.,  Ezd. 

Over. 

In. 

In.,  Ezd. 

In..  EircL 

Over. 

itoA 

5.10  to    6.37 

10 

15 

20 

•   • 

•   • 

•  • 

.  • 

A"A 

6.37"     7.65 

8.5 

I2.S 

17 

•   • 

■   • 

•   • 

.  4 

» 

A''i 

7.65  "  10.20 

7 

10 

IS 

•   • 

•   • 

•   • 

.  • 

» 

A 

10.20 
12.75 

10 

8 

14 
12 

18 
16 

» 

Jl 

15.30 

7 

10 

13 

17 

17.85 

6 

8 

10 

13 

A 

20.40 

5 

7 

9 

12 

22.95 

4-5 

6.5 

8.5 

II 

t  . 

25.50 

4 

6 

8 

10 

Overf 

•    • 

3.5 

5 

6.5 

9 

V.    FINISH. 

15.  Finish.    The  finished  material  shall  be  free  from  injurious  seams,  slivers,  flaws  and  other 
defects,  and  shall  have  a  workmanlike  finish. 
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VI.    MARKING. 

i6.  Marldiig.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
stamped  or  rolled  on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  The  melt  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 

VII.    INSPECTION. 

17.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

18.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected  and  the  manufacturer  shall  be  notified. 

i^.  Reheanng.  Samples  tested  in  accordance  with  Section  5,  which  represent  rejected 
material,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 

VIII.    FULL  SIZE  TESTS. 

20.  Tests  of  Eye-Bars,  (a)  Full  size  tests  of  annealed  eye-bars  shall  conform  to  the  following 
requirements  as  to  tensile  properties: 

Tensile  strength,  lb.  per.  sq.  in 85,000-100,000 

Yield  point,  min.,  lb.  per  sq.  in 48,000 

Elongation  in  18  ft.,  min.,  per  cent 10 

Reduction  of  area,  min.,  per  cent 30 

(b)  The  yield  point  shall  be  determined  by  the  halt  of  the  gage  of  the  testing  machine. 
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OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  191 3. 
A.    Requirements  for  Rolled  Bars, 

I.    MANUFACTURE. 

1 .  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

2.  Chemical  Composition.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Manganese 0.30-0.50  per  cent 

Phosphorus not  over  0.04       " 

Sulphur "       "    0.045     " 

3.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  2. 

4.  Check  Analyses.  A  check  analysis  may  be  made  by  the  purchaser  from  finished  material 
representing  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  2. 


III.    PHYSICAL  PROPERTIES  AND  TESTS. 

5.  Tendon  Tests,     (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 
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Tensile  strength,  lb.  per  sq.  in 45fOO(>-55,ooo 

Yield  point,  min.,  lb.  per  sq.  in 0.5  tens.  str. 

^1         . .      .    o  .  .  ^  1,500,000 

Elongation  in  8  in.,  min.,  per  cent =r^ — -^ — 

Tens.  str. 

(But  need  not  exceed  30  per  cent) 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Bend  Tests,  (a)  Cold-bend  Tests. — The  test  specimen  shall  bend  cold  through  180  d^. 
flat  on  itself  without  cracking  on  the  outside  of  the  bent  portion. 

(b)  Quench'bend  Tests. — ^The  test  specimen,  when  heated  to  a  light  cherry  red  as  seen  in  the 
dark  (not  less  than  1200®  F.),  and  quenched  at  once  in  water  the  temperature  of  which  is  between 
80°  and  90°  F.,  shall  bend  through  180°  flat  on  itself  without  cracking  on  the  outside  of  the  bent 
portion. 

7.  Test  Specimens.  Tension  and  bend  test  specimens  shall  be  of  the  full-size  section  of 
material  as  rolled. 

8.  Number  of  Tests,  (a)  Two  tension,  two  cold-bend,  and  two  quench-bend  tests  shall  be 
made  from  each  melt,  each  of  which  shall  conform  to  the  requirements  si>ecified. 

(6)  If  any  test  specimen  develops  flaws,  or  if  a  tension  test  specimen  breaks  outside  the  middle 
third  of  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS  IN  GAGE. 

9.  Permissible  Variations.  The  gage  of  each  bar  shall  not  vary  more  than  o.oi  in.  from  that 
specified. 

V.    WORKMANSHIP  AND  FINISH. 

10.  Workmanship.    The  finished  bars  shall  be  circular  within  o.oi  in. 

1 1 .  Finish.  The  flnished  bars  shall  be  free  from  injurious  defects,  and  shall  have  a  workman- 
like finish. 

VI.    MARKING. 

12.  Marking.  Rivet  bars  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
with  the  name  or  brand  of  the  manufacturer  and  the  melt  number  for  identification.  The  melt 
number  shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 

VII.    INSPECTION  AND   REJECTION. 

13.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (a)  Unless  otherwise^ specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer'? 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

15.  Rehearmg.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected  bars, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 

B.     Requirements  for  Rivets. 
I.    PHYSICAL  PROPERTIES  AND  TESTS. 

16.  Tension  Tests.  The  rivets,  when  tested,  shall  conform  to  the  requirements  as  to  tensile 
properties  specified  in  Section  5,  except  that  the  elongation  shall  be  measured  on  a  gage  length  not 
less  than  four  times  the  diameter  of  the  rivet. 

17.  Bend  Tests.  The  rivet  shank  shall  bend  cold  through  180  degrees  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

18.  Flattening  Tests.  The  rivet  heads  shall  flatten,  while  hot,  to  a  diameter  2 J  times  the 
diameter  of  the  shank  without  cracking  at  the  edges. 

19.  (a)  When  specified,  one  tension  test  shall  be  made  from  each  size  in  each  lot  of  rivets 
offered  for  inspection. 
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(b)  Three  bend  and  three  flattening  tests  shall  be  made  from  each  size  in  each  lot  of  rivets 
offered  for  inspection,  each  of  which  shall  conform  to  the  requirements  specified. 

II.    WORKMANSHIP  AND  FINISH. 

30.  Workmanship.  Rivets  shall  be  true  to  form,  concentric,  and  shall  be  made  in  a  work- 
manlike manner. 

21.  Finish.    The  finished  rivets  shall  be  free  from  injurious  defects. 

III.    INSPECTION  AND  REJECTION. 

22.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  rivets  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  rivets  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

23.  Rejection.  Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 
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OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  August  25,  19 13. 

1.  Classes,  (o)  These  specifications  cover  three  classes  of  billet-steel  concrete  reinforcement 
bars,  namely:  plain,  deformed,  and  cold-twisted. 

(b)  Plam  and  deformed  bars  are  of  two  grades,  namely:  structural  steel  and  hard. 

2.  Basis  of  Purchase,     (a)  The  hard  grade  will  be  used  only  when  specified. 

(6)  If  desired,  cold-twisted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars 
before  twisting,  in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  speci- 
fied for  plain  bars  of  structural  steel  grade. 

I.    MANUFACTURE. 

3.  Process,     (a)  The  steel  may  be  made  by  the  Bessemer  or  the  open-hearth  process. 
(b)  The  bars  shall  be  rolled  from  new  billets.     No  rerollcd  material  will  be  accepted. 

4.  Cold-twisted  Bars.  Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a 
length  not  over  12  times  the  thickness  of  the  bar. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

5.  Chemical  Composition.    The  steel  shall  conform  to  the  following  requirements  as  to 

chemical  composition: 

i>u^.^krv....»  /  Bessemer not  over  o.io  per  cent 

Phosphorus^ Qpg^.^^^^ ..      ..0.05 


i< 


6.  Ladle  Analyses.  An  analysis  to  determine  the  percentage  of  carbon,  manganese,  phos- 
phorus and  sulphur,  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  5. 

7.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing 
each  melt  of  open-hearth  steel,  and  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel,  in  which  case  an 
excess  of  25  per  cent  above  the  requirements  specified  in  Section  5  shall  be  allowed. 

III.    PHYSICAL   PROPERTIES  AND  TESTS. 

8.  Tension  Tests,  (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

*  For  the  American  Railway  Engineering  Association  specifications  for  steel  reinforcement. 
Chapter  VI,  p.  272. 
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Tensile  Properties. 


Properties  Considered. 

Plain  Bars. 

Deformed  Bars. 

Cold-twisted 
Bars. 

Structural  Steel 
Grade. 

Hard  Grade. 

Structural  Steel 
Grade. 

Hard  Grade. 

Tensile    strength,    lb. 
per  sq.  in 

55,000-70,000 

33^000 

1,400  ooo^ 
Tens.  str. 

80,000  min. 

50,000 

1,200,000^ 
Tens.  str. 

55,000-70,000 

33»ooo 

1,250000* 
Tens.  str. 

80,000  min. 

50,000 

1,000,000* 
Tens.  str. 

Recorded 
only. 

55,000 
5 

Yield  point,  min.,  lb. 
per  sq.  in 

Elongation   in    8    in., 
min.,  per  cent 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  Modifications  in  Elongation,     (a)  For  plain  and  deformed  bars  over  }  in.  in  thickm 
or  diameter,  a  deduction  of  i  from  the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be 
made  for  each  increase  of  )  in.  in  thickness  or  diameter  above  }  in. 

(b)  For  plain  and  deformed  bars  under  A  in.  in  thickness  or  diameter,  a  deduction  of  i  from 
the  percentages  of  elongation  specified  in  Section  8  (a)  shall  be  made  for  each  decrease  of  ^  in.  in 
thickness  or  diameter  below  -ff  in. 

10.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 


Bend  Test  Requirements. 


Thickness  or  Diameter  oi  Bar. 


Under  f  in. . 
}  in.  or  over. 


Plain  Bars. 


Structural 
Steel  Grade. 


Hard  Grade. 


180  deg. 

d  =  t 
180  deg. 

d  =  t 


180  deg. 

d  =  3t 
90  deg. 

d  =  3t 


Deformed  Bars. 


Structural 
Steel  Grade. 


180  deg. 
d  =  t 

d  =  2t 


Hard  Grade. 


180  deg. 

d«4t 

90  deg. 

d=4t 


Cold-twisted 
Bars. 


180  deg. 

d=»2t 
180  deg. 

d  =  3t 


Explanatory  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 

t  =  the  thickness  or  diameter  of  the  specimen. 

11.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  material  as 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in., 
if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (b), 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of 
open-hearth  steel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  material 
from  one  melt  differs  |  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 

IV.    PERMISSIBLE  VARIATIONS   IN  WEIGHT. 

13.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per 
cent  from  the  theoretical  weight  of  that  lot. 


*  See  Section  9. 
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V.    FINISH. 

14.  Finiali.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

VI.    INSPECTION  AND  REJECTION. 

15.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  7  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(jb)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 
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1.  Classes.    These  specifications  cover  three  classes  of  rail-steel  concrete  reinforcement  bars, 
namely:  plain,  deformed,  and  hot-twisted. 

I.     MANUFACTURE. 

2.  Process.    The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twisted  Bars.     Hot-twisted  bars  shall  have  one  complete  twist  in  a  length  not  over 
12  times  the  thickness  of  the  bar. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

4.  Tension  Tests,     (a)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
tensile  properties: 


Properties  Considered. 

Plain  Bars. 

Deformed  and  Hot-twisted  Bars. 

Tensile  strength,  lb.  per  sq.  in 

Yield  point,  lb.  per  so.  in 

80,000 

50.000 

1,200.000 

Tens.  str. 

80,000 

50,000 

1,000,000 

Tens.  str. 

Elongation  in  8  in.,  per  cent* 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

5.  Modifications  in  Elongation,  (a)  For  bars  over  |  in.  in  thickness  or  diameter,  a  deduction 
of  I  from  the  percentages  of  elongation  specified  in  Section  4  (a)  shall  be  made  for  each  increase 
bf  }  in.  in  thickness  or  diameter  above  }  in. 

(b)  For  bars  under  A  >"•  in  thickness  or  diameter,  a  deduction  of  i  from  the  percentages  of 
elongation  specified  in  Section  4  (a)  shall  be  made  for  each  decrease  of  A  in.  in  thickness  or  di- 
ameter below  A  in. 

6.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  as  follows: 

^  See  Section  5. 
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Thickness  or  Diameter  of  Bar. 

Plain  Bars. 

Deformed  and  Hot-twisted  Ban. 

Under  J  in 

l8o  deg. 
d=j  t 
90  deg. 
d=3  t 

180  deg. 

d-4t 
90  deg. 
d-4t 

f  in.  or  over 

Explanatory  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 

t«the  thickness  or  diameter  of  the  specimen. 

7.  Test  Spedmens.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled; 
except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  length  of  at  least  9  in.,  if 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  ten 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  ip  lb.  per  yd.  in  nominal 
weight. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  discarded  and  another 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  cent 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  worfanan- 
like  finish. 

V.    INSPECTION  AND  REJECTION. 

11.  laspectioil.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  t^ing  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

12.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 
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OF  THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS^ 

Adopted  August  25,  1913. 

1.  Gasses.    These  specifications  cover  two  classes  of  castings,  namely: 
Class  A ,  ordinary  casting  for  which  no  physical  requirements  are  specified; 

Class  B,  castings  for  which  physical  requirements  are  specified.  These  are  of  three  grades: 
hard,  medium,  and  soft. 

2.  Patterns,  (a)  Patterns  shall  be  made  so  that  sufficient  finish  is  allowed  to  provide  for  all 
variations  in  shrinkage. 

(b)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  surfaces. 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  ted. 

3.  Basis  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  to 
destruction  sp>ecified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  designate  the  patterns 
from  which  castings  for  this  test  shall  be  made. 
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I.    MANUFACTURE. 

4.  Process.  The  steel  may  be  made  by  the  open-hearth,  crucible,  or  any  other  process 
approved  by  the  purchaser. 

5.  Heat  Treatment,     {a)  Class  A  castings  need  not  be  annealed  unless  otherwise  specified. 
Xb)  Class  B  castings  shall  be  allowed  to  become  cold.    They  shall  then  be  uniformly  reheated 

to  the  proper  temperature  to  refine  the  grain  (a  group  thus  reheated  being  known  as  an  "  annealing 
charge  "),  and  allowed  to  cool  uniformly  and  slowly.  If,  in  the  opinion  of  the  purchaser  or  his 
representative,  a  casting  is  not  properly  annealed,  he  may  at  his  option  require  the  casting  to  be 
re-annealed. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

6.  Chemical  Composition.  The  castings  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Class  A.  Class  B. 

Carbon not  over  0.30  per  cent  

Phosphorus "       **    0.06       "  not  over  0.05  per  cent 

Sulphur ....  ,  "      "0.05 

7.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  6.  Drillings  for  analysis  shall  be  taken  not 
less  than  i  in.  beneath  the  surface  of  the  test  ingot. 

8.  Check  Analyses,  (a)  Analyses  of  Class  A  castings  may  be  made  by  the  purchaser,  in 
which  case  an  excess  of  20  per  cent  above  the  requirement  as  to  phosphorus  specified  in  Section  6 
shall  be  allowed.     Drillings  for  analysis  shall  be  taken  not  less  tnan  i  in.  beneath  the  surface. 

(b)  Analyses  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 
bend  test  specimen,  in  which  case  an  excess  of  20  per  cent  above  the  requirements  as  to  phos- 
phorus and  sulphur  specified  in  Section  6  shall  be  allowed.  Drillings  for  analysis  shall  be  taken 
not  less  than  \  in.  beneath  the  surface. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

(For  Class  B  Castings  Only.) 

9.  Tension  Tests,     (a)  The  castings  shall  conform  to  the  following  minimum  requirements 

as  to  tensile  properties: 

Hakd. 

Tensile  strength,  lb.  per  sq.  in 80  000 

Yield  point,  lb.  per  sq.  in 36  000 

Elongation  in  2  in.,  per  cent 15 

Reduction  of  area,      "       20 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

ID.  Bend  Tests,  (a)  The  test  specimen  for  soft  castings  shall  bend  cold  through  120  deg., 
and  for  medium  castings  through  90  deg.,  around  a  I -in.  pin,  without  cracking  on  the  outside  of 
the  bent  portion. 

(b)  Hard  castings  shall  not  be  subject  to  bend  test  requirements. 

II.  iVftemative  Tests  to  Destruction.  In  the  case  of  small  or  unimportant  castings,  a  test  to 
destruction  on  three  .castings  from  a  lot  may  be  substituted  for  the  tension  and  bend  tests.    This 


Medium. 

Soft. 

70000 

60000 

31500 
18 

27000 
22 

25 

30 

test  shall  show  the  material  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
intended.    A  lot  shall  consist  of  all  castings  from  one  melt,  in  the  same  annealing  charge. 

12.  Test  Specimens,     (a)  Sufficient  test  bars,  from  which  the  test  specimens  required  in 
Section  13  (a)  may  be  selected,  shall  be  attached  to  castings  weighing  500  lb.  or  over,  when  the 
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design  of  the  castings  will  permit.  If  the  castings  weigh  less  than  5cx>  lb.,  or  are  of  such  a  design 
that  test  bars  cannot  be  attached,  two  test  bars  shall  be  cast  to  represent  each  melt;  or  the  quality 
of  the  castings  shall  be  determined  by  tests  to  destruction  as  specified  in  Section  ii.  All  test 
bars  shall  be  annealed  with  the  castings  they  represent. 

{b)  The  manufacturer  and  purchaser  shall  agree  whether  test  bars  can  be  attached  to  castings, 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attached,  and 
on  the  method  of  casting  unattached  bars. 

(c)  Tension  test  specimens  shall  be  of  the  form  and  dimensions  shown  in  Fig.  i.  Bend  test 
specimens  shall  be  machined  to  i  by  i  in.  in  section  with  corners  rounded  to  a  radius  not  over  ^  in. 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  annealing^ 
charge.  If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  one  bend 
test  shall  be  made  from  each  melt. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  gage  length,  it  may  be  discarded;  in  which  case  the  manufacturer  and 
the  purchaser  or  his  representative  shall  agree  upon  the  selection  of  another  specimen  in  its  stead. 

IV.  WORKMANSHIP  AND  FINISH. 

14.  Woriananship.  The  castings  shall  substantially  conform  to  the  sizes  and  shapes  of  the 
patterns,  and  shall  be  made  in  a  workmanlike  manner. 

15.  Finish,     (a)  The  castings  shall  be  free  from  injurious  defects. 

(b)  Minor  defects  which  do  not  impair  the  strength  of  the  castings  may,  with  the  approval 
of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  slmll  first 
be  cleaned  out  to  solid  metal;  and  after  welding,  the  castmgs  shall  be  annealed,  if  specified  by  the 
purchaser  or  his  representative. 

(c)  The  castings  offered  for  inspection  shall  not  be  painted  or  covered  with  any  substance 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects. 

V.  INSPECTION  AND  REJECTION. 

16.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
worlra  which  concern  the  manufacture  of  the  castings  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  castings  are  beinp^  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(jb)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manu- 
facturer's works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

18.  Rehearing.  Samples  tested  in  accordance  with  Section  8,  which  represent  rejected 
castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 

VI.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  SHIPS. 

19.  Castings  for  Ships.  In  addition  to  the  preceding  requirements,  castings  for  ships,  when 
so  specified,  shall  conform  to  the  following  reauirements! 

20.  Heat  Treatment.    All  castings  shall  be  annealed. 

21.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  of  the 
following  castings:  stern  frames,  stern  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets, 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(b)  When  a  casting  is  made  from  more  than  one  melt,  four  tension  and  four  bend  tests  shall 
be  made  from  each  casting. 

22.  Percussion  Tests,  (a)  A  percussion  test  shall  be  made  on  each  of  the  following  castings: 
stem  frames,  stem  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets,  rudders,  steering 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

{b)  For  this  test,  the  casting  shall  be  suspended  by  chains  and  hammered  all  over  with  a 
hammer  of  a  weight  approved  by  the  purchaser  or  his  representative.  If  cracks,  flaws,  defects, 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected. 

VII.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  RAILWAY  ROLLING  STOCK. 

23.  Castings  for  Railway  Rolling  Stock.  Castings  for  railway  rolling  stock,  when  so  specified, 
shall  conform  to  the  requirements  for  Class  B  castings,  Sections  i  to  18,  inclusive,  except  that 
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check  aoalyses  made  in  accordance  with  Section  8  (b)  shall  conform  to  the  requirements  as  to 
phosphorus  and  sulphur  specified  in  Section  6. 

CORROSION  OF  IRON  AND  STEEL.— If  iron  or  steel  is  left  exposed  to  the  atmosphere 
it  unites  with  oxygen  and  water  to  form  rust.  Where  the  metal  is  further  exposed  to  the  action 
of  corrosive  gases  the  rate  of  rusting  is  accelerated  but  the  action  is  similar  to  that  of  ordinary 
rusting.  Neither  dry  air  nor  water  free  from  oxygen  has  any  corrosive  eflfect.  WTiile  not  essential 
to  corrosion  acids  greatly  hasten  its  action.  It  seems  evident  that  some  weak  electrolysis  is 
essential  for  corrosive  action.  Where  iron  or  steel  are  in  contact  with  water  electrolytic  action 
will  always  take  place,  although  the  amount  is  very  small  under  ordinary  conditions.  Where  a 
considerable  electrolytic  force  exists  the  corrosion  is  greatly  hastened.  The  increase  in  the  use 
of  electricity  has  doubtless  had  a  tendency  to  increase  the  corrosion  of  iron  and  steel  and  to  make 
the  problem  of  the  preservation  of  iron  and  steel  from  corrosion  of  great  importance. 

In  an  article  on  "  The  Corrosion  of  Iron  "  in  Proceedings  of  American  Society  for  Testing 
Materiab,  voL  VII,  1907,  pages  211  to  228,  Mr.  Allerson  S.  Cushman  shows  that  the  two  factors 
without  which  the  corrosion  of  iron  is  impossible  are  electrolysis  and  the  presence  of  hydrogen 
in  the  electrolysed  or  "  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
presence  of  oxygen  or  some  other  oxidizing  agent.  Rust  is  a  hydroxide  of  iron — ferric  hydroxide, 
FeOtHf.  The  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coating 
that  will  protect  it  from  the  water  or  the  air. 

It  is  commonly  believed,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
wrought  iron  or  steel.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
receives  in  molding  doubtless  assist  in  protecting  the  cast  iron  from  corrosion. 

It  is  also  commonly  believed  that  steel  corrodes  more  rapidly  than  wrought  iron.  The  tests 
that  have  been  made  to  determine  the  relative  corrosion  of  wrought  iron  and  steel  are  very  con- 
flicting, but  it  appears  certain  that  the  difference  in  the  corrosion  of  well  made  steel  and  well  made 
wrought  iron  is  very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
pecially by  firms  manufacturing  and  selling  **  ingot  iron  "  (very  low  carbon  Bessemer  or  open- 
hearth  steel).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
Testing  Materials  in  the  Proceedings  of  the  Society,  vol.  XI,  191 1,  page  100,  states  that  it  considers 
ike  acid  test  as  unreliable  as  a  measure  of  natural  corrosion  and  does  not  recommend  its  use. 

In  the  paper  on  "  The  Corrosion  of  Iron  "  above  referred  to,  Mr.  Cushman  states: — "  A 
veiy  widespread  impression  prevails  that  charcoal  iron  or  a  puddled  wrought  iron  are  more  re- 
sistant to  corrosion  than  steel  manufactured  by  the  Bessemer  and  open-hearth  processes.  It  is 
by  no  means  certain  that  this  is  the  case,  but  it  would  follow  from  the  electrolytic  theory  that  in 
order  to  have  the  highest  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
certain  impurities,  such  as  manganese,  or  should  be  so  homogeneous  as  not  to  retain  localized 
positive  and  negative  nodes  for  a  long  time  without  change.  Under  the  first  condition  iron  would 
appear  to  have  the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
in  manufacture,  whatever  process  was  used." 

From  the  preceding  discussion  it  would  appear  that  neither  "  ingot  iron  "  nor  wrought  iron 
has  any  advantage  in  resisting  corrosion  over  a  well  made  structural  steel. 

PAINT.* — The  paints  in  use  for  protecting  structural  steel  may  be  divided  into  oil  paints, 
tar  paints,  asphalt  paints,  varnishes,  lacquers,  and  enamel  paints.  The  last  two  mentioned  are 
too  expensive  for  use  on  a  large  scale  and  will  not  be  considered. 

OIL  PAINTS. — ^An  oil  paint  consists  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 
mixed  together  to  form  a  workable  mixture.  **  A  gcxxi  paint  is  one  that  is  readily  applied,  has 
good  covering  powers,  adheres  well  to  the  metal,  and  is  durable."  The  pigment  should  be  inert 
to  the  metal  to  which  it  is  applied  and  also  to  the  oil  with  which  it  is  mixed.  Linseed  oil  is  com- 
monly used  as  the  varnish  or  vehicle  in  oil  paints,  and  is  unsurpassed  in  durability  by  any  other 
doling  oil.  Pure  linseed  oil  will,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 
oners  considerable  protection  for  a  time,  but  is  soon  destroyed  by  abrasion  and  the  action  of  the 
elements.  To  make  the  coating  thicker,  harder  and  more  dense,  a  pigment  is  added  to  the  oil. 
An  oil  paint  is  analogous  to  concrete,  the  linseed  oil  and  pigment  in  the  paint  corresponding  to  the 

*  This  discussion  on  paints  b  taken  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
34 
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cement  and  the  aggregate  in  the  concrete.    The  pigments  used  in  making  oil  paints  for  protecting 
metal  may  be  divided  into  four  groups  as  follows:  (i)  lead;  (2)  zinc;  (3)  iron;  (4)  carbon. 

Linseed  Oil. — Linseed  oil  is  made  by  crushing  and  pressing  flaxseed.     The  oil  contains  some 


pure 

structural  iron  paint.  The  rate  of  drying  of  raw  linseed  oil  increases  with  age;  an  old  oil  being 
very  much  better  for  paint  than  that  which  has  been  but  recently  extracted.  Raw  linseed  oil 
can  be  made  to  dry  more  rapidly  by  the  addition  of  a  drier  or  by  boiling.     Linseed  oil  dries  by 


pounds 

red  lead  or  litharge,  or  a  mixture  of  the  two,  to  each  gallon  of  oil.  This  mixture  is  then  thinned 
down  by  adding  enough  linseed  oil  to  make  four  gallons  for  each  gallon  of  raw  oil  first  put  in  the 
kettle.  The  addition  of  four  gallons  of  this  drier  to  forty  gallons  of  raw  oil  will  reduce  the  time  of 
drying  from  about  five  days  to  twenty-four  hours.  A  drier  made  in  this  way  costs  more  than  the 
pure  Unseed  oil,  so  that  driers  are  very  often  made  by  mixing  lead  or  manganese  oxide  with  rosin 
and  turpentine,  benzine,  or  rosin  oil.  These  driers  can  be  made  for  very  much  less  than  the  price 
of  good  linseed  oil,  and  are  used  as  adulterants;  the  more  of  the  drier  that  is  put  into  the  paint,  the 
quicker  it  will  dry  and  the  poorer  it  becomes,  Japan  drier  is  often  used  with  raw  oil,  and  when  this 
or  any  other  drier  is  added  to  raw  oil  in  barrels,  the  oil  is  said  to  be  "  boiled  through  the  bung  hole." 

Boiled  linseed  oil  is  made  by  heating  raw  oil,  to  which  a  quantity  of  red  lead,  litharge,  sugar  of 
lead,  etc.,  has  been  added,  to  a  temperature  of  400  to  500  degrees  F.,  or  by  passing  a  current  of 
heated  air  through  the  oil.  Heating  linseed  oil  to  a  temperature  at  which  merely  a  few  bubbles 
rise  to  the  surface  makes  it  dry  more  rapidly  than  the  unheated  oil;  however,  if  the  boiling  is  con- 
tinued for  more  than  a  few  hours  the  rate  of  drying  is  decreased  by  the  boiling.  Boiled  linseed 
oil  is  darker  in  color  than  raw  oil,  and  is  much  used  for  outside  paints.  It  should  dry  in  from  12  to 
24  hours  when  spread  out  in  a  thin  film  on  glass.  Raw  oil  makes  a  stronger  and  better  film  than 
boiled  oil,  but  it  dries  so  slowly  that  it  is  seldom  used  for  outside  work  without  the  addition  of  a 
drier. 

Lead. — White  Lead  (hydrated  carbonate  of  lead — specific  gravity  6.4)  is  used  for  interior  and 
exterior  wood  work.  White  lead  forms  an  excellent  pigment  on  account  of  its  high  adhesion  and 
covering  power,  but  it  is  easily  darkened  by  exposure  to  corrosive  gases  and  rapidly  disintegrates 
under  these  conditions,  requiring  frequent  renewal.  It  does  not  make  a  good  bottom  coat  for 
other  paints,  and  if  it  is  to  be  used  at  all  for  metal  work  it  should  be  used  over  another  paint. 

Red  Lead  (minium;  lead  tetroxide — specific  gravity  8.j)  is  a  heavy,  red  powder  approxi- 
mating in  shade  to  orange;  is  affected  by  acids,  but  when  used  as  a  paint  is  very  stable  in  light  and 
under  exposure  to  the  weather.  Red  lead  is  seldom  adulterated,  about  the  only  substance  used 
for  the  purpose  being  red  oxide.  Red  lead  is  prepared  by  changing  metallic  lead  into  monoxide 
litharge,  and  converting  this  product  into  minium  in  calcining  ovens.  Red  lead  intended  for 
paints  must  be  free  from  metallic  lead.  One  ounce  of  lampblack  added  to  one  pound  of  red  lead 
changes  the  color  to  a  deep  chocolate  and  increases  the  time  of  drying.  This  compound  when 
mixed  in  a  thick  paste  will  keep  30  days  without  hardening. 

Zinc. — Zinc  white  (zinc  oxide — specific  ^avity  5.3)  is  a  white  loose  powder,  devoid  of  smell 
or  taste  and  has  a  good  covering  power.  Zmc  paint  has  a  tendency  to  peel,  and  when  exposed 
there  is  a  tendency  to  form  a  zinc  soap  with  the  oil  which  is  easily  washed  off,  and  it  therefore  does 
not  make  a  good  paint.  However,  when  mixed  with  red  oxide  of  lead  in  the  proportions  of  i  lead 
to  3  zinc,  or  2  lead  to  i  zinc,  and  ground  with  linseed  oil,  it  makes  a  very  durable  paint  for  metal 
surfaces.  This  paint  dries  very  slowly,  the  zinc  acting  to  delay  hardening  about  the  same  as 
lampblack. 

Iron  Oxide. — Iron  oxide  (specific  gravity  5)  is  composed  of  anhydrous  sesquioxide  (hematite) 
and  hydrated  sesquioxide  of  iron  (iron  rust).  The  anhydrous  oxide  is  the  characteristic 
ingredient  of  this  pip^ment  and  very  little  of  the  hydrated  oxide  should  be  present.  Hydrated 
sesquioxide  of  iron  is  simply  iron  rust,  and  it  probably  acts  as  a  carrier  of  oxygen  and  accele- 
rates corrosion  when  it  is  present  in  consicferable  quantities.  Mixed  with  the  iron  ore  are 
various  other  ingredients,  such  as  clay,  ocher  and  earthy  materials,  which  often  form  50  to  75 
per  cent  of  the  mass.  Brown  and  dark  red  colors  indicate  the  anhydrous  oxide  and  are  considered 
the  best.  Bright  red,  bright  purple  and  maroon  tints  are  characteristic  of  hydrated  oxide  and 
make  less  durable  paints  than  the  darker  tints.  Care  should  be  used  in  buying  iron  oxide  to 
see  that  it  is  finely  ground  and  is  free  from  clay  and  ocher. 

Carbon. — ^The  most  common  forms  of  carbon  in  use  for  paints  are  lampblack  and  graphite. 
Lampblack  (specific  gravity  2.6)  is  a  great  absorbent  of  linseed  oil  and  makes  an  excellent  pigment. 
Graphite  (black  lead  or  plumbago — specific  gravity  2.4)  is  a  more  or  less  impure  form  of  carbon« 
and  when  pure  is  not  affected  by  acids.    Graphite  does  not  absorb  nor  act  chemically  on  linseed 
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oil,  so  that  the  varnish  simpiy  holds  the  particles  of  pigment  together  in  the  same  manner  as  the 
cem  .nt  in  a  concrete.  There  are  two  kinds  of  graphite  in  common  use  for  paints — the  granular 
and  the  flake  graphite.  The  Dixon  Graphite  Co.,  of  Jersey  City,  uses  a  flake  graphite  combined 
with  silica,  while  the  Detroit  Graphite  Manufacturing  Co.  uses  a  mineral  ore  with  a  large  per- 
centage of  graphitic  carbon  in  granulated  form.  On  account  of  the  small  specific  gravity  of  the 
pigment,  carbon  and  graphite  paints  have  a  very  large  covering  capacity.  The  thickness  of  the 
coat  is,  however,  correspondingly  reduced.  Boiled  linseed  oil  should  always  be  used  with  carbon 
pigments. 

'Mtrlnj^  the  Paint. — ^The  pigment  should  be  flnely  ground  and  should  preferably  be  ground  with 
the  oil.  The  materials  should  be  bought  from  reliable  dealers,  and  should  be  mixed  as  wanted. 
If  it  is  not  possible  to  grind  the  paint,  better  results  will  usually  be  obtained  from  hand  mixed 
paints  made  of  first  class  materials  than  from  the  ordinary  run  of  prepared  paints  that  are  supposed 
to  have  been  ground.  Many  ready  mixed  paints  are  sold  for  less  than  the  price  of  linseed  oil, 
which  makes  it  evident  that  little  if  any  oil  has  been  used  in  the  paint.  The  paint  should  be 
thinned  with  oil,  or  if  necessary  a  small  amount  of  turpentine  may  be  added;  however  turpentine 
is  an  adulterant  and  should  be  used  sparingly.  Benzine,  gasoline ^  etc,,  should  never  be  used  in  paints, 
as  the  paint  dries  without  oxidizing  and  then  rubs  off  like  chalk. 

ProportioiiS. — ^The  proper  proportions  of  pigment  and  oil  required  to  make  a  good  paint 
vary  with  the  different  pigments,  and  the  methods  of  preparing  the  paint;  the  heavier  and  the 
more  flnely  ground  pigments  require  less  oil  than  the  lighter  or  coarsely  ground  while  ground 
paints  rec^uire  less  oil  than  ordinary  mixed  paints.  A  common  rule  for  mixing  paints  ground  in 
oil  is  to  mix  with  each  gallon  of  linseed  oil,  dry  pigment  equal  to  three  to  four  times  the  spedflc 
gravity  of  the  pigment,  the  weight  of  the  pigment  being  given  in  pounds.  This  rule  gives  the 
following  weights  of  pigment  per  gallon  of  linseed  oil:  white  lead,  19  to  26  lb.;  red  lead,  25  to  35  lb.; 
zinc,  15  to  21  lb.;  iron  oxide,  15  to  20  lb.;  lampblack,  8  to  10  lb.;  graphite,  8  to  10  lb.  The  weights 
of  pigment  used  per  gallon  of  oil  varies  about  as  follows:  red  lead,  20  to  33  lb.;  iron  oxide,  8  to 
25  lb.;  graphite,  3  to  12  lb. 

Covering  Capacity. — ^The  covering  capacity  of  a  paint  depends  upon  the  uniformity  and 
thickness  of  the  coating;  the  thinner  the  coating  the  larger  the  surface  covered  per  unit  of  paint. 
To  obtain  any  given  thickness  of  paint  therefore  requires  practically  the  same  amount  of  paint 
whatever  its  pigment  may  be.  The  claims  often  urged  in  favor  of  a  particular  paint  that  it  nas  a 
large  covering  capacity  may  mean  nothing  but  that  an  excess  of  oil  has  been  used  in  its  fabrication. 
An  idea  of  the  relative  amounts  of  oil  and  pigment  required,  and  the  covering  capacity  of  different 
paints  may  be  obtained  from  Table  VIII,  Chapter  XIII. 

Light  structural  work  will  average  about  250  square  feet,  and  heavy  structural  work  about 
150  square  feet  of  surface  per  net  ton  of  metal. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  )  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

Applying  the  Paint. — ^The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to 
remove  all  the  air.  The  paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred. 
When  it  is  necessary  to  apply  paint  in  cold  weather,  it  should  be  heated  to  a  temperature  of  130 
to  150  degrees  F.;  paint  should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied 
when  the  surface  is  damp,  or  during  foggy  weather.  The  first  coat  should  be  allowed  to  stand  for 
three  or  four  days,  or  until  thoroughly  dry,  before  applying  the  second  coat.  If  the  second  coat 
is  applied  before  the  first  coat  has  dried,  the  drying  of  the  first  coat  will  be  very  much  retarded. 

Cleaning  the  Surface. — Before  applying  the  paint  all  scale,  rust,  dirt,  grease  and  dead  paint 
should  be  removed.  The  metal  may  be  cleaned  by  pic':ling  in  an  acid  bath,  by  scraping  and  brushing 
with  wire  brushes,  or  by  means  of  the  sand  blast.  In  the  process  of  pickling  the  metal  is  dipped 
in  an  add  bath,  which  is  followed  by  a  bath  of  milk  of  lime,  and  afterwards  the  metal  is  washed 
clean  in  hot  water.  The  method  is  expensive  and  not  satisfactory  unless  extreme  care  is  used  in 
removing  all  traces  of  the  acid.  Another  objection  to  the  process  is  that  it  leaves  the  metal  wet  and 
allows  rusting  to  begin  before  the  paint  can  be  applied.  The  most  common  method  of  cleaning 
is  by  scraping  with  wire  brushes  and  chisels.  This  method  is  slow  and  laborious.  The  method  of 
cleaning  by  means  of  a  sand  blast  has  been  used  to  a  limited  extent  and  promises  much  for  the 
future.  The  average  cost  of  cleaning  five  bridges  in  Columbus,  Ohio,  in  1902,  was  3  cts.  per  sq. 
ft.  of  surface  cleaned.*  The  bridges  were  old  and  some  were  badly  rusted.  The  painters  followed 
the  sand  blast  and  covered  the  newly  cleaned  surface  with  paint  before  the  rust  had  time  to  form. 

Mr.  Lilly  estimates  the  cost  of  cleaning  light  bridge  work  at  the  shop  with  the  sand  blast  at 
$1.75  per  ton,  and  the  cost  of  heavy  bridge  work  at  $1.00  per  ton.  In  order  to  remove  the  mill 
scale  it  has  been  recommended  that  rusting  be  allowed  to  start  before  the  sand  blast  is  used.  One 
of  the  advantages  of  the  sand  blast  is  that  it  leaves  the  surface  perfectly  dry,  so  that  the  paint  can 
be  applied  before  any  rust  has  formed. 

*  Sand  Blast  Cleaning  of  Structural  Steel,  by  G.  W.  Lilly,  Trans.  Am.  Soc.  C.  E.,  Feb.,  1905. 
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Priming  or  Shop  Coat — Engineers  are  veiy  much  divided  as  to  what  makes  the  best  priming 

coat;  some  specify  a  first  coat  of  pure  linseed  oil  and  others  a  primine  coat  of  paint.     Linseed  oil 

makes  a  transparent  coating  that  allows  imperfections  in  the  worEunanship  and  rusted  spots 

to  be  easily  seen;  it  is  not  permanent  however,  and  if  the  metal  is  exposed  for  a  long  time  the  oil 

will  often  be  entirely  removed  before  the  second  coat  is  applied.     It  is  also  claimed  that  the  paint 

will  not  adhere  as  welt  to  linseed  oil  that  has  weathered  as  to  a  good  paint.     Linseed  oil  gives  better 

results  if  applied  hot  to  the  metal.     Another  advantage  of  using  oil  as  a  priming  coat  is  that  the 

sriftinn  marVo  cni)  be  painted  over  with  the  oil  without  fear  of  covering  them  up.     Red  lead  paint 

lampblack  is  probably  used  more  for  a  priming  coat  than  any  other  paint;  the 

10  oz.  of  lampblack  to  every  12  lb.  of  red  lead.     Linseed  oil  mixed  with  a  small 

ack  makes  a  very  satisfactory  priming  or  shop  coat, 

!  further  into  the  controversy  it  would  seem  that  there  is  very  littlechoice  between 
;ood  red  lead  paint  for  a  priming  coat.  For  data  on  the  standard  shop  paints 
ent  railroads,  see  digest  of  specmcations  in  Chapter  IV. 

it. — From  a  careful  study  of  the  question  of  paints,  it  would  seem  that  for  ordi- 
le  quality  of  the  materials  and  workmanship  is  of  more  importance  in  painting 
than  the  particular  pigment  used.  If  the  priming  coat  has  been  properly 
)  reason  why  any  good  ^radc  of  paint  composed  of  pure  linseed  oil  and  a  very 
ileand  chemically  non-injurious  pigment  will  not  make  a  very  satisfactory  finish - 
the  paint  is  to  be  subjected  to  the  action  of  corrosive  gases  or  blasts,  however, 

auite  a  difference  in  the  results  obtained  with  the  different  pigments.  The 
t  paints  appear  to  withstand  the  corroding  action  of  smelter  and  engine  gases 
td  or  iron  oxide  paints;  while  red  lead  is  probably  better  under  these  conditions 
Portland  cement  paint  or  coal  tar  paint  are  the  only  paints  that  will  withstand 
ne  blasts. 

:  best  results  in  painting  metal  structures  therefore,  proceed  as  fallows:  (t)  prc- 
f  the  metal  by  carefully  removing  all  dirt,  grease,  mill  scale,  rust,  etc.,  and  give 
of  pure  linseed  oil  or  a  good  paint — red  lead  seems  to  be  the  most  used  tor  thia 
the  metal  is  in  place  carefully  remove  all  dirt,  grease,  etc.,  and  apply  the  finishing 
not  less  than  two  coats — giving  ample  time  for  each  coat  to  dry  before  applying 
sarate  coats  of  paint  should  be  of  different  colors.  Painting  should  not  t>e  done 
or  when  the  metal  is  damp,  nor  in  cold  weather  unless  special  precautions  are 
r  paint.  The  best  results  will  usually  be  obtained  if  the  materials  are  purchased 
ranstbte  dealer  and  the  paint  pjound  as  wanted.  Good  results  are  obtained  with 
t  or  ready  mixed  paints,  but  it  is  not  possible  in  this  place  to  go  into  a  discussioa 

UNT. — Many  prepared  paints  are  sold  under  the  name  of  asphalt  that  are  mix- 
ir  mineral  asphalt  alone,  or  combined  with  a  metallic  base,  or  oils.  The  exact 
ie  patent  asphalt  paints  are  hard  to  determine.  Black  bridge  paint  made  by 
Zo.,  New  York  City,  contains  asphaltum,  linseed  oil,  turpentine  and  Kauri  gum. 
Lrarnish-Iike  finish  and  makes  a  very  satisfactory  paint.  The  black  shades  of 
the  only  ones  that  should  be  used. 

'AINT. — Coal  tar  paint  is  occasionally  used  for  paintine  gas  tanks,  smelters,  and 
that  receive  rough  usage.  Coal  tar  paint  mixed  as  described  below  has  been 
Navy  Department  for  painting  the  hulls  of  ships.  It  should  give  satisfactory 
metal  is  subject  to  corrosion.  The  coal  tar  paint  is  mixed  as  follows:  The  pr»- 
ixture  are  slightly  variable  according  to  the  original  consistency  of  the  tar,  the 
is  intended  and  the  climate  in  which  it  is  used.  The  proportions  will  vary 
iving  proportions  in  volume. 

Cob]  Tar.     PartlaDd  Cement.     EcioKiie  C»l- 

Mixturc 8  I  I 

ixture 16  4  3 

I  cement  should  first  be  stirred  into  the  kerosene,  forming  a  creamy  mixture, 
;n  stirred  into  the  coal  tar.  The  paint  should  be  freshly  mixed  antl  kept  well 
nt  sticks  well,  docs  not  run  when  exposed  to  the  sun's  rays  and  is  a  very  satis- 
rough  work.  The  cost  of  the  paint  will  vary  from  10  to  20  cts.  per  gallon.  The 
IS  a  drier,  while  the  Portland  cement  neutralizes  the  coal  tar. 
d  to  paint  with  oil  paint  a  structure  which  has  been  painted  with  coal  tar  paint, 
be  scraped  and  all  the  coal  tar  removed. 

ND  CEMENT  PAINT,— Experiments  have  shown  that  a  thin  coating  of  Portland 
e  in  preventing  rust;  that  a  concrete  to  be  effective  in  preventing  rust  must  be 
very  wet.  The  steel  must  be  clean  when  imbedded  in  the  concrete.  There  is 
of  opinion  as  to  whether  the  metal  should  be  painted  before  being  imbedded  or 
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not.  It  is  probably  best  to  paint  the  metal  if  it  is  not  to  be  imbedded  at  once,  or  is  not  to  be  used 
in  concrete-steel  construction  where  the  adhesion  of  the  cement  to  the  metal  is  an  essential  element. 
When  the  metal  is  to  be  imbedded  immediately  it  is  better  not  to  paint  it. 

Portland  Cement  Paint. — ^A  Portland  cement  paint  has  been  used  on  the  High  St.  viaduct  in 
Columbus,  Ohio,  with  good  results.  The  viaduct  was  exposed  to  the  fumes  and  blasts  from 
locomotives,  so  that  an  ordinary  paint  did  not  last  more  than  six  months  even  on  the  least  exposed 
portions.  The  method  of  mixing  and  applying  the  paint  is  described  in  Engineering  News, 
April  24th  and  June  5th,  1902,  as  follows:  "  The  surface  of  the  metal  was  thoroughly  cleaned  with 
wire  brushes  and  files — the  bridge  had  been  cleaned  with  a  sand  blast  the  previous  year.  A  thick 
coat  of  Japan  drier  was  then  applied  and  before  it  had  time  to  dry  a  coating  was  applied  as  fol- 
lows: Apply  with  a  trowel  to  the  minimum  thickness  of  -fs  in.  and  a  maximum  thickness  of 
I  in.  (in  extreme  cases  }  in.)  a  mixture  of  32  lb.  Portland  cement,  12  lb.  dry  finely  ground  lead,  4 
to  6  lb.  boiled  linseed  oil,  2  to  3  lb.  Japan  drier."  After  a  period  of  about  two  years  the  coating 
was  in  almost  perfect  condition  and  the  metal  under  the  coating  was  as  clean  as  when  painted. 
The  cost  of  the  coating  including  the  hand  cleaning,  materials  and  labor  was  8  cts.  per  sq.  ft. 

INSTRUCTIONS  FOR  THE  MILL  INSPECTION  OF  STRUCTURAL  STEEL.* 

(1)  Study  the  contract  and  specifications  and  secure  such  information  concerning  the  pro- 
posed structure  as  will  permit  a  full  understanding  of  the  use  to  be  made  of  the  various  items  of  the 
order. 

(2)  Secure  copies  of  the  mill  orders,  shipping  directions  and  other  information  concerning  the 
material  to  be  inspected. 

(3)  Attend  promptly  when  notified  of  the  rolling  of  material  and  so  conduct  the  inspection 
and  tests  as  not  to  interfere  unnecessarily  with  the  operations  of  the  mill. 

(4)  Have  the  test  specimens  prepared  and  properly  stamped  with  the  melt  numbers  by  the 
manufacturer.  Observe  the  selection  and  stamping  of  specimens  and  verify  the  melt  numbers 
when  practicable. 

(5)  Attend  and  supervise  the  making  of  tensile,  bending  and  drifting  tests.  Make  sure  that 
the  testing  machines  are  properly  handled  and  that  the  specified  speed  of  pulling  is  not  exceeded. 
Note  the  behavior  of  the  metal  and  check  and  record  the  results  of  the  tests. 

(6)  Select  the  bars  or  other  members  for  full-size  tests  as  specified.  Supervise  such  tests 
and  check  and  record  their  results. 

(7)  Secure  from  the  manufacturer  records  of  the  chemical  analyses  of  the  melts  and  accept 
only  those  in  which  the  specified  contents  of  impurities  are  not  exceeded. 

(8)  Secure  pieces  of  the  test  ingots  and  test  specimens  and  have  check  analyses  made  outside 
of  the  manufacturers*  laboratory  when  the  analyses  furnished  by  the  manufacturer  are  erratic  or 
for  any  other  reason  appear  to  be  incorrect. 

(9)  Examine  each  piece  of  finished  material  for  surface  defects  before  shipment,  requiring 
the  material  to  be  handled  in  a  manner  that  will  permit  the  examination  to  be  thorough  and 
complete.  This  inspection  should  detect  evidence  of  excessive  gagging  or  other  injury  due  to 
cold  straightening. 

(10)  Report  promptly  the  shipment  of  any  material  from  the  mill,  whose  surface  inspection 
has  been  waived.    Such  material  should  be  examined  by  the  shop  inspector. 

(11)  Verify  the  section  of  all  material  by  measurement  and  by  weight. 

(12)  Study  the  operations  of  the  plant  and  become  familiar  with  the  various  processes  of 
manufacture. 

Cultivate  the  acquaintance  of  the  mill  employees  and  become  familiar  with  their  work  so  as 
to  have  direct  knowledge  of  the  mill  practice  and  determine  as  well  as  the  circumstances  permit 
the  correctness  of  the  mill  practice  in  so  far  as  it  is  covered  by  the  specifications. 

(13)  Record  all  tests  and  analyses  on  the  forms  provided. 

(14)  Keep  informed  as  to  the  progress  of  the  work  in  the  shop  and  endeavor  to  secure  the 
shipment  of  material  at  such  times  and  in  such  order  as  to  avoid  delay  in  the  fabrication. 

(15)  Secure  copies  of  the  shipping  lists  and  compare  them  with  the  orders  and  make  regular 
statements  of  the  material  that  has  been  rolled  and  shipped. 

(16)  Make  reports  weekly  or  as  may  be  directed,  submitting  complete  records  of  tests, 
analyses  and  shipments  and  such  other  information  as  may  be  required. 

*  American  Railway  Engineering  Association,  Adopted,  Vol.  14,  19 13. 
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a  full  knowledge  of  the  conditions  of  the  contract,  such  as  the  time  of  delivery, 
pany'B  actual  need  of  the  work,  the  desired  order  of  shipment,  and  any  special 
ection  with  delivery  such  as  the  position  of  the  girders  or  truss  members  on  cars 

n  advance  the  plans  and  specifications  and  see  that  all  provisions  thereof  are 
These  instructions  are  not  be  construed  as  altering  the  specifications  in  any  way. 

y  finished  member  against  the  drawings  for  its  general  dimensions  and  for  the 

>iece  of  material  forming  a  component  part  of  the  member. 

or  to  maintain  pleasant  reiacions  with  foremen  and  the  workmen  and  by  fairness, 
good  sense  interest  them  in  the  successful  completion  of  the  work. 

constantly  to  the  work,  making  inspection  during  the  progress  of  the  work  in  the 

1  keep  up  with  the  output  in  order  that  errors  may  be  corrected  before  the  work 

weighing  of  material  whenever  practicable,  especially  that  purchased  on  weight 

lie  accuracy  of  the  scales  with  test  weights  or  by  other  sufficient  means. 

e  inspection  so  as  not  to  interfere  unnecessarily  with  the  routine  operations  of  the 

musual  circumstances  require  an  explanation  of  the  plans  or  some  variation  from 

icedure.  take  the  necessary  action  promptly. 

he  field  connections,  paying  particular  attention  to  clearances  and  making  nota- 

wings  so  that  they  may  be  checked  rapidly. 

ill  Iwvels  and  field  rivet  holes. 

ireful  attention  to  the  quality  of  the  workmanship,  the  condition  of  the  plain 

icy  of  punching,  care  in  assembling,  alignment  of  rivets,  tightness  of  rivets,  ac- 

ng  of  machined  joints,  painting  and  general  finish. 

ure  that  reamed  holes  are  truly  cylindrical  and  that  drillings  are  not  allowed  to 

assembled  parts. 

I  for  bends,  kinks,  and  twists  in  the  finished  members  and  make  certain  that  when 

)  they  are  in  proper  condition  for  erection. 

sure  that  the  webs  of  giirders  do  not  project  beyond  the  flange  angles  and  that  the 

rlow  the  flange  angles  complies  with  the  specification. 

only  the  material  rolled  and  accepted  for  the  work  to  be  used  therein. 

the  fabricated  material  shipped  in  the  correct  order  for  erection  and  in  accordance 

s,  as  far  as  practicable. 

ire  the  width  of  each  column  and  the  lengths  of  all  girders  between  columns  when 

laced  consecutively  in  a  long  row  so  as  to  insure  that  the  columns  and  girders  will 

"  in  erection,  so  as  to  exceed  the  calculated  length. 

"  rights  "  and  "  lefts  "  and  make  sure  that  the  proper  number  of  each  is  shipped. 

base  plates  of  girders  before  riveting  and  make  sure  that  the  camber  is  not 

the  space  provided  for  driving  field  rivets,  allowing  sufficient  space  for  the 

ine  field  connections  after  riveting  to  insure  proper  fitting  and  case  of  erection. 

sure  that  shop  splices  are  properly  fitted  and  that  matched  and  milled  surfaces 

ring  are  in  close  contact  dunng  riveting  as  specified. 

ine  and  measure  bored  pinholes  carefully  to  insure  proper  dimensions  and  spacing 

of  finish. 

irc  the  spacing  center  to  center  of  the  end  connections  for  sections  of  I-hcam 
lilar  construction  in  which  the  calculated  spacing  is  liable  to  be  exceeded  because 

of  such  work  to  "  grow  "  as  it  is  assembled. 

sure  that  stringers  connecting  to  tloorbeams  beneath  the  flange  have  sufficient 

e  for  their  possible  over-run  in  depth. 

the  assembling  of  trusses  and  girder  spans  required  by  the  specifications  carefully 

<f  case  insure  the  accuracy  of  field  connections.     If  a  large  number  of  duplicate 

lade,  the  number  of  parts  to  be  assembled  should  be  governed  by  the  workmanship. 

nd.  a  sufficient  number  of  parts  should  be  assembled  to  make  it  reasonably  certain 

<  have  been  eliminated. 

igh  girder  spans  with  I-beam  floors  partially  assembled  and  at  least  one  bracket 

Railway  Engineering  Association,  Adopted,  Vol.  14,  1913,  and  Vol.  15,  1914. 
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Have  at  least  one  upper  and  lower  shoe  of  each  kind  assembled  and  make  sure  that  there  is 
no  interference. 

(24)  Make  sure  that  iron  templets  used  for  reaming  are  properly  set  and  held  to  line. 

(25)  Secure  match-marking  diagrams  for  work  which  has  been  assembled  and  reamed  and 
make  sure  that  the  match  marlu  are  plainly  visible. 

(26)  Have  proper  camber  blocking  used  in  assembling  trusses  and  secure  the  desired  camber 
before  the  reaming  is  done. 

(27)  Require  that  all  treads  and  supports  for  the  drums  of  draw  spans  be  carefully  leveled 
with  an  instrument. 

(28)  Study  carefully  the  machine  details  and  discriminate  between  those  dimensions  which 
must  be  exact  and  those  in  which  slight  variations  are  permissible. 

Determine  in  advance  the  desired  accuracy  of  driving  fits  for  bolts  or  keys  and  similar  parts 
and  make  sure  that  such  accuracy  is  attained. 

(29)  Examine  castings  carefully  for  blowholes  and  other  imperfections  and  discriminate 
between  such  defects  as  are  unimportant  and  those  which  render  the  castings  unfit  for  use. 

(30)  Make  sure  that  bushings,  collars  and  similar  parts  are  held  securelv  in  place. 

(31)  Make  sure  that  all  drum  wheels,  expansion  rollers,  turntable  rollers  and  similar  parts 
are  exact  in  size,  so  as  to  carry  equally  the  loads  which  may  be  placed  upon  them. 

(32)  Ascertain  in  advance  that  the  paint  provided  complies  with  specifications.  Watch 
carefully  the  painting  directions  and  make  sure  that  paint  is  properly  applied  and  only  where 
intended. 

(33)  Verify  all  shop  marks  and  make  sure  that  they  are  legible  as  well  as  correct. 

(34)  Have  important  members  so  loaded  as  to  be  headed  in  the  right  direction  upon  arrival 
at  the  site  of  the  work. 

(35)  ^T  A  fcv  countersunk  head  bolts  in  the  holes  where  they  are  to  be  used  to  insure  a 
proper  fit. 

(36)  Make  sure  that  small  pieces  are  bolted  in  place  for  shipment  as  shown  on  the  plans  and 
that  other  small  parts  are  properly  boxed  or  otherwise  secured  against  loss. 

(37)  Make  sure  that  rivets,  tie  rods,  anchor  bolts  and  miscellaneous  parts  are  shipped  so  as 
to  avoid  delay  in  erection. 

(38)  Examine  the  field  rivets  to  insure  that  they  are  free  from  fins  or  other  defects. 

(39)  Exercise  special  care  in  the  examination  of  all  movable  structures  and  particularly  their 
moving  parts. 

(40)  Make  reports  weekly  or  as  directed,  exhibiting  carefully  and  concisely  the  actual  con- 
ditions. 

(41)  Observe  carefully  and  report  such  unusual  difiiculties  as  may  be  encountered  and  the 
means  adopted  in  overcoming  them,  and  endeavor  by  a  study  of  the  details  or  other  means  to 
make  recommendations  which  will  prevent  their  recurrence  in  future  work. 

inSCELLANEOUS  METALS.— The  physical  properties  of  the  following  metals  depend 
upon  whether  they  are  cast,  rolled,  or  drawn,  and  upon  the  details  of  manufacture,  and  the  values 
given  are  therefore  approximate. 

Aluminum  has  a  specific  gravity  of  2.58  to  2.7.  The  ultimate  tensile  strength  per  sq.  in.  is 
about  15,000  lb.  for  cast,  24,000  lb.  for  sheet,  and  30,000  to  65,000  lb.  for  aluminum  wire.  The 
elastic  limit  is  about  i  the  ultimate  strength.  The  modulus  of  elasticity  is  about  11,000,000  lb. 
per  sq.  in.    Aluminum  is  used  in  engineering  construction  principally  in  the  form  of  an  alloy. 

Copper  has  a  specific  gravity  of  8.6  to  8.9.  The  ultimate  tensile  strength  varies  from  36,000 
to  40,000  lb.  per  sq.  in.  for  soft  copper  wire  with  an  elongation  in  10  in.  of  35  to  20  per  cent;  to 
49,000  to  67,000  lb.  per  sq.  iiu  for  hard-drawn  copper  wire  with  an  elongation  varying  from  3.75 
per  cent  in  10  in.,  to  an  elongation  of  0.85  per  cent  in  60  in.  Copper  is  also  used  in  an  alloy  with 
other  metals. 

Zinc,  or  spelter,  has  a  specific  gravity  of  about  7.00.  The  ultimate  tensile  strength  per  sq.  in. 
varies  from  3000  to  8000  lb.     It  is  used  for  galvanizing  and  for  making  alloys. 

Nickel  has  a  specific  gravity  of  about  8.8.     Nickel  is  used  principally  in  alloys. 

Tin  has  a  specific  gravity  of  about  7.35.  Tin  is  used  as  a  covering  for  iron  and  steel  sheets  and 
in  alloys. 

Lead  has  a  specific  gravity  of  about  11.4.     Lead  is  very  plastic  and  flows  easily  under  stress. 

ALLOTS. — ^An  alloy  is  a  combination  of  two  or  more  metals  made  by  mixing  them  when  in  a 
molten  condition.  Alloys  are  commonly  mechanical  mixtures;  although  some  have  a  slight  chem- 
ical union.    The  properties  of  alloys  depend  not  only  upon  the  ingredients,  but  upon  the  method  and 
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■'-x:ture.  It  is  impossible  to  predicrt  the  properties  of  an  alloy  from  tlie  properties 
ning  it.  Many  alloys  are  sold  under  trade  names  in  which  the  properties  depend 
ortions  of  the  ingredients  and  upon  the  details  of  manufacture.  The  most  im- 
fd  by  the  structural  engineer  are  as  folUws: 

illoy  of  copper  and  zinc  in  which  the  copper  varies  from  60  to  S9  per  cent,  and 
o  II  percent.  A  small  amount  of  tin  is  sometimes  added  to  make  the  braasmorc 
The  tensile  strength  of  brass  Is  greatest  (about  50,000  lb.  per  sq.  in.)  when  the 
lout  62  per  cent  copper  and  38  per  cent  zinc;  and  the  ductility  and  malleability 
.  the  composition  is  about  70  per  cent  copper  and  30  per  cent  zinc.     A  widely  used 

is  brass  with  1  to  a  per  cent  iron.    The  tensile  strength  of  delta  metal  is  about 

!  is  brass  with  i  to  3  per  cent  iron,  and  small  amounts  of  lead  and  tin. 
lUoys  of  copper  and  tin  or  of  copper,  zinc  and  tin,  and  usually  have  small  quan- 
tats.     Bronzes  having  more  than  34  per  cent  tin  arc  too  weak  to  be  used.     The 
s  greatest  (23,000  lb.  persq.  in.)  when  the  composition  is  about  80  per  cent  copper 

nge  is  an  alloy  of  copper  and  tin  containing  }  Co  i  per  cent  phosphorus.  It  makes 
i  and  is  very  hard.     The  ultimate  tensile  strength  varies  from  50,000  to  100,000 

route  is  an  alloy  having  5  to  10  per  cent  aluminum  and  95  to  So  per  cent  copper. 

(fth  varies  from  75,000  to  100.000  lb.  per  sq.  in. 

Totue  as  specified    by  the  American  Society  lor  Testing    Materials  contains, 

>er  cent,  zinc  39  to  45  per  cent,  iron  not  over  2  per  cent,  tin  not  over  2  per  cent. 

cr  0.5  per  cent,  manganese  not  over  0.5  per  cent.     The  ultimate  tensile  strength 

ijecescut  from  manga  nose -bronze  ingots  shall  not  be  less  than  70.D00  lb.  per  sq.  in., 

>n  in  2  in.  of  not  less  than  20  per  cent. 

For  definitions  of  terms,  standard  def.  cts,  specifications  and  allowable  stresses 

lapter  VII. 

.SONRY.^For  definitions  of  terms  used  in  masonry  construction  and  for  speci- 

rcnt  classes  of  stone  masonry,  see  Chapter  VI. 

rable  pressure  on  masonry,  sec  Table  IV.  Chapter  V.  and  for  the  weight,  specific 

ling  strength  of  masonry,  see  Table  V.  Chapter  V;  also  see  Table  VIII,  Chapter 

ustive  treatise  on  brick  and  stone  masonry  see  Baker's  "  Masonry  Construction." 

1. — The  average  strengths  of  different  mixtures  of  Portland  cement  concrete  as 

if  the  Committee  on  Reinforced  Concrete  of  the  American  Society  of  Civil 

are  given  in  Table  II. 


TABLE  II. 

Stbbncth  of  Portland  Cement  Concrete. 
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s  for  concrete  are  gi 

en  in  Chapter  V 

and  specifi 

cations  for  reinforced  concrete 

BBseB.— The  following  worldng  stresses  have  been  recommended  by  the  American 
ring  Association  for  concrete  that  will  develop  an  average  compressive  strength 
).  per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  In.  long  and  38  days 
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old,  under  laboratory  conditions  of  manufacture  and  storage,  the  mixture  being  of  the  same  con- 
sistency as  is  used  in  the  field. 

Lb.  per 
8q.  in. 

Structural  steel  in  tension 14,000 

High  carbon  steel  in  tension 17,000 

Steel  in  compression,  15  times  the  compressive  stress  in  the  surrounding  concrete. 

Concrete  in  bearing  where  the  surface  is  at  least  twice  the  loaded  area 700 

Concrete  in  direct  compression,  without  reinforcement  on  lengths  not  exceeding  6  times 

the  least  width ;  •  •  • : 45® 

Concrete  in  direct  compression  with  not  less  than  i  per  cent  nor  over  4  per  cent  longitudinal 

reinforcement  on  lengths  not  exceeding  12  times  the  least  width 450 

Concrete  in  compression,  on  extreme  fiber  in  cross  bending 750 

Concrete  in  shear,  uncombined  with  tension  or  compression  in  the  concrete 120 

Concrete  in  shear,  where  the  shearing  stress  is  used  as  a  measure  of  the  web  stress 40 

Note. — ^The  limit  of  shearing  stresses  in  the  concrete,  even  when  thoroughly  reinforced 

for  shear  and  diagonal  tension,  should  not  exceed 120 

Bond  for  plain  bars 80 

Bond  for  drawn  wire 40 

Bond  for  deformed  bars,  depending  on  the  form 100-150 

The  following  working  stresses  have  been  recommended  by  the  Committee  on  Concrete  and 

Reinforced  Concrete  of  the  American  Society  of  Civil  Engineers,  Proceedings,  vol.  XXXIX, 

February,  1913. 

Per  cent  of  com-  Lb.  per 

pressive  strength  sq.  m. 

Structural  steel  in  tension 16,000 

Concrete  in  compression  where  the  surface  is  at  least  twice  the  loaded  area  32.5 
Concrete  for  concentric  compression  on  a  plain  concrete  column  or  pier,  the 

length  of  which  does  not  exceed  12  diameters 22.5 

Compression  on  columns  with  longitudinal  reinforcement  only,  to  the 
extent  of  not  less  than  i  per  cent  and  not  more  than  4  per  cent;  the 

length  of  the  column  shall  not  exceed  12  diameters 22.5 

Compression  on  columns  with  reinforcement  of  bands,  hoops  or  spirals 
having  not  less  than  i  per  cent  of  the  volume  of  the  column,  the  clear 
spacing  of  the  hooping  to  be  not  greater  than  one-sixth  of  the  diameter 
of  the  encased  column  and  preferably  not  greater  than  one-tenth,  and 
in  no  case  more  than  2}  in.,  the  ratio  of  the  unsupported  length  of 

column  to  diameter  of  hooped  core  to  be  not  more  than  8 27 

Compression  on  columns  reinforced  with  not  less  than  i  per  cent  and  not 
more  than  4  per  cent  of  longitudinal  bars  and  with  bands,  hoops  or 
spirab  as  aoove  specified,  where  the  ratio  of  unsupix>rted  length  of 

column  to  diameter  of  hooped  core  is  not  more  than  8 32.625 

Compression  on  extreme  fiber  of  a  beam,  calculated  for  constant  modulus 
of  elasticity  (stresses  adjacent  of  the  supports  of  continuous  beams 

may  be  15  per  cent  higher) 32.5 

Shear  in  beams  with  horizontal  reinforcement  or  without  reinforcement ...     2 
Shear  in  beams  thoroughly  reinforced  with  web  reinforcement  (the  web 
reinforcement  exclusive  of  bent-up  bars  to  be  designed  to  resist  two- 
thirds  the  external  shear) ....    6 

Shear  in  beams  reinforced  with  bent-up  bars,  only 3 

Punching  shear,  only 6 

Bond  stress  between  concrete  and  plain  reinforcing  bars 4 

Bond  stress  between  concrete  and  drawn  wire 2 

The  modulus  of  elasticity  to  be  taken  for  the  design  as  follows: 

(a)  One-fifteenth  that  of  steel  where  the  strength  of  the  concrete  is  taken  as  2200  lb.  per  sq.  in., 

or  less. 

(b)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  2200  lb, 

per  so.  in.  or  less  than  2900  lb.  per  sq.  in. 

(c)  One-tenth  that  of  steel  where  the  strength  of  concrete  is  taken  as  greater  than  2900  lb. 

per  sq.  in. 
In  calculating  deflection  take  one-eighth  of  the  modulus  of  elasticity  of  steel. 
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Adopted  August  i6,  1909. 
itions.    These  remarks  have  been  prepared  with  a  view  of  punting  out 
the  various  requirements  and  the  precautions  to  be  observed  in  the  inter- 
of  the  tests. 

would  suggest  that  the  acceptance  or  rejection  under  these  spccilications 
by  an  experienced  person  having  the  proper  means  for  making  the  tests. 
,  Specific  gravity  is  useful  in  detecting  adulteration.  The  results  of 
are  not  necessarily  conductive  as  an  indication  of  the  quality  of  a  cement, 
n  with  the  results  of  other  tests  may  afford  valuable  indications. 
Hcves  should  be  kept  thoroughly  dry. 

Great  care  should  be  exercised  to  maintain  the  test  [neces  under  as 
ossible.  A  sudden  change  or  wide  range  of  temperature  in  the  room  in 
e,  a  very  dry  or  humid  atmosphere,  and  other  irregularities  vitally  affect 

<lum«.     The  tests  for  constancy  of  volume  are  divided  into  two  classes, 

ond  accelerated.     The  latter  should  be  re^rded  as  a  precautionary  test 

So  many  conditions  enter  into  the  making  and  interpreting  of  it  that 

lats  the  greatest  care  should  be  exercised  to  avoid  initial  strains  due  to 
drying-out  during  the  first  twcnty'four  hours.  The  pats  should  be  pre- 
iniform  conditions  possible,  and  rapid  changes  of  temperature  should  be 

eet  the  requirements  of  the  accelerated  tests  need  not  be  sufficient  cause 
'nt  may,  however,  be  held  for  twenty-eight  days,  and  a  retest  made  at  the 
[  a  new  sample.  Failure  to  meet  the  requirements  at  this  time  should  be 
se  for  rejection,  although  in  the  present  state  of  our  knowledge  it  cannot 
'e  necessarily  indicates  unsoundness,  nor  can  the  cement  be  considered 
iply  because  it  passes  the  tests. 

SPECIFICATIONS. 
HU.    All  cement  shall  be  inspected. 

inspected  either  at  the  place  of  manufacture  or  on  the  work. 
f  ample  time  for  inspectmg  and  testing,  the  cement  should  be  stored  in  a 
uilding  having  the  floor  properly  blocked  or  raised  from  the  ground, 
I  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection 
h  shipment. 

lall  be  provided  by  the  Contractor  and  a  period  of  at  least  twelve  days 
)n  and  necessary  tests. 
delivered  in  suitable  packages  with  the  brand  and  name  of  manufacturer 

shall  contain  94  pounds  of  cement  net.  Each  barrel  of  Portland  cement 
each  barrel  of  natural  cement  shall  contain  3  bags  of  the  alrave  net  weight. 

0  meet  the  seven-day  requirements  may  be  held  awaiting  the  results  of 
its  before  rejection. 

1  made  in  accordance  with  the  methods  proposed  by  the  Committee  on 
nt  of  the  American  Society  of  Civil  Engineers,  presented  to  the  Society 
[tended  January  30,  1904,  and  January  15,  1908,  with  all  subsequent  amend- 
ddendum  to  these  specifications.) 

1  or  rejection  shall  be  based  on  the  following  requirements: 

NATURAL  CEMENT. 
lis  term  shall  be  applied  to  the  finely  pulverized  product  resulting  from 
.llaccous  limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 

hall  leave  by  weight  a  residue  of  not  more  than  10  per  cent  on  the  No.  100, 
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13.  Time  of  Setting.  It  shall  not  develop  initial  set  in  less  than  ten  minutes;  and  shall  not 
develop  hard  set  in  less  than  thirty  minutes,  or  in  more  than  three  hours. 

14.  Tensile  Strength.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified: 

Age,  Neat  Cement,  Strength. 

24  hours  in  moist  air 75  lb. 

7  days  (i  day  in  moist  air,    6  days  in  water) 150  " 

28  days  (I    "  "       "    27     '^  "     ) 250" 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand, 

7  days  (i  day  in  moist  air,    6  days  in  water) 50  lb. 

28  days  (I    "  '*      *•    27     *^  "     ) 125" 

15.  Constancy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty-four 
hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 

(b)  Another  is  kept  in  water  maintained  as  near  70**  F.  as  practicable. 

16.  These  pats  are  observed  at  intervals  for  at  least  28  days,  and,  to  satisfactorily  pass  the 
tests,  shall  remain  firm  and  hard  and  show  no  signs  of  distortion,  checking,  cracking,  or  disinte- 
grating. 

PORTLAND  CEMENT. 

17.  Definition.  This  term  is  applied  to  the  finely  pulverized  product  resulting  from  the 
calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportioned  argillaceous  and 
calcareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made  subsequent 
to  calcination. 

18.  Specific  Gravity.  The  specific  gravity  of  cement  shall  not  be  less  than  3.10.  Should  the 
test  of  cement  as  received  fall  below  this  requirement,  a  second  test  may  be  made  upon  a  sample 
ignited  at  a  low  red  heat.     The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent. 

19.  Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent  on  the  No.  100, 
and  not  more  than  25  per  cent  on  the  No.  200  sieve. 

20.  Time  of  Setting.  It  shall  not  develop  initial  set  in  less  than  thirty  minutes;  and  must 
develop  hard  set  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

21.  Tensile  Strength.  The  minimum  requirements  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  secdon  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified: 

Age,  Neat  Cement,  Strength. 

24  hours  in  moist  air. 175  lb. 

7  days  (i  day  in  moist  air,    6  days  in  water) 500  '* 

28  days  (I    "  "       "     27    "  "      ) 600" 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand,     . 

7  days  (i  day  in  moist  air,    6  days  in  water) 200  lb. 

28  days  (I    "  "       "     27    "  *'      ) 275 


<< 


22.  Constancy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
inch  thick  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty- 
four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for  at  least  28 
days. 

(b)  Another  pat  is  kept  in  water  maintained  as  near  70®  F.  as  practicable,  and  observed  at 
intervals  for  at  least  28  days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above  boiling 
water,  in  a  loosely  closed  vessel  for  five  hours. 

23.  These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

24.  Sulphuric  Add  and  Magnesia.  The  cement  shall  not  contain  more  than  1.75  per  cent 
of  anhydrous  sulphuric  acid  (SOi)7nor  more  than '4  per  cent  of  magnesia  (MgO). 
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CHAPTER  XVI. 
Structural  Mechanics. 

GENERAL  NOMENCLATURE.— The  following  nomenclature  will  be  used  for  all  materials 
except  reinforced  concrete,  for  which  a  special  notation  is  given. 
A  —  area  of  cross  section. 

/  s  length  or  span. 
L  s  length  or  span. 

b  »  breadth  of  rectangular  section. 

d  =  depth  of  section;  diameter  of  rivet. 

/  =  thickness  of  plates,  etc. 
R  —  radius  of  circle. 
D  =  diameter  of  circle. 

h  »  height  of  wall. 

c  =  distance  from  neutral  axis  to  extreme  fiber. 
A  »  total  deformation  in  length  /,  or  maximum  deflection  of  beams. 

8  »  unit  deformation. 

X  =»  horizontal  coordinate  of  elastic  curve;  variable. 

y  =  vertical  coordinate  or  deflection  of  elastic  curve;  variable. 

e  —  eccentricity;  efficiency. 

I  =  moment  of  inertia. 
Ic  *=  polar  moment  of  inertia. 
/  B  product  of  inertia. 
5  ^  section  modulus. 

r  =  radius  of  gyration. 

p  =«  pitch  of  rivets. 

P  »  concentrated  load  or  total  stress  in  a  member. 

/  =»  unit  fiber  stress. 
fe  =»  unit  compressive  fiber  stress. 
fi  «  unit  tensile  fiber  stress. 
/»  »  unit  shearing  fiber  stress. 

W  =  total  uniformly  distributed  load;  weight  of  a  body. 

u;.»  uniformly  distributed  load  per  unit  of  length;  load  per  unit  of  lengch  at  a  distance 
unity  from  left  end  for  a  uniformly  varying  load;  unit  internal  pressure. 
R  s  reactions  at  supports. 
Mg  ^  moment  at  any  section. 
M  »  maximum  moment. 
Vm  »  total  shear  on  any  section. 
V  »  maximum  total  shear. 
E  ™  modulus  of  elasticity. 
G  »  shearing  modulus  of  elasticity. 

X  «  Poisson's  ratio. 
+  ^  compressive  stress. 
—  s  tensile  stress. 
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:BD    concrete    HOHBNCLATTTRE.      Rectancnkr  Beams,  Reinfoiced  for 

e  unit  stress  in  steel,  in  pounds  per  square  inch. 

ressive  unit  stress  in  concrete,  in  pounds  per  square  inch. 

ilus  o(  elasticity  of  steel,  in  pounds  per  square  inch. 

lIus  of  elasticity  of  concrete,  in  pounds  per  square  inch. 

city  ratio,  E,  +  E^. 

ng  moment,  in  inch-pounds. 

;nt  of  resistance  of  steel,  in  inch-pounds. 

;nt  of  resistance  of  concrete,  in  inch-pounds. 

if  steel  section,  in  square  inches. 

1  of  beam,  in  inches. 

I  of  beam  to  center  of  steel  reinforcement,  in  inches. 

of  depth  of  neutral  axis  to  efTective  depth,  d. 

of  arm  of  resisting  couple  to  depth,  d. 

ratio  (not  percentage),  A  *  bd. 

compressive  stress  in  concrete,  in  pounds. 

tensile  stress  in  steel,  in  pounds. 

L  of  flange,  in  inches. 

I  of  stem,  in  inches. 

less  of  fJange,  in  inches. 

ratio  (not  percentage),  A  +  bd. 

ectangular  Beams  Reinforced  for  Tendon  Only." 

Beams,  Reinforced  for  Compression. 
>f  compressive  steel,  in  square  inches, 
ratio  for  compressive  steel.  A'  ■*■  bd. 
compressive  stress  in  steel,  in  pounds  per  square  inch, 
compressive  stress  in  concrete,  in  pounds, 
compressive  stress  in  steel,  in  pounds. 
tensile  stress  in  steel,  in  pounds. 
.  to  center  of  compressive  steel,  in  inches. 

to  resultant  of  compressive  stresses,  in  inches, 
ectangular  Beams  Reinforced  for  Tension  Only." 
lond. 

shear  in  pounds. 

ihearing  stress  in  concrete,  in  pounds  per  square  inch. 
wnding  stress  in  concrete,  in  pounds  per  square  inch. 
>f  the  perimeters  of  the  tension  bars,  in  inches, 
mtal  spacing  of  stirrups, 
stress  carried  by  one  stirrup. 

net  area,  in  square  inches. 

)f  longitudinal  steel,  in  square  inches. 

if  concrete,  in  square  inches. 

ratio.  A,  ■!-  A. 

axial  load,  in  pounds. 
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DEFINITIONS. — ^The  following  definitions  will  be  of  service  in  a  study  of  structural  me- 
chanics. 

Forces. — ^Forces  are  concurrent  when  their  lines  of  action  meet  in  a  point;  non-concurrent 
when  their  lines  of  action  do  not  meet  in  a  point.  Forces  are  coplanar  when  they  lie  in  the  same 
plane;  or  non-coplanar  when  they  lie  in  different  planes.  Coplanar  forces  only  will  be  here  con- 
sidered.   A  force  is  fully  defined  when  its  amount,  its  direction,  and  position  are  known. 

Moment  ci  Forces. — ^The  moment  of  a  force  about  a  point  is  its  tendency  to  produce  rotation 
about  that  point,  and  is  the  product  of  the  force  and  the  perpendicular  distance  of  the  point  from 
the  line  of  action  of  the  force. 

Couple. — A  couple  is  a  pair  of  equal  and  opposite  forces  having  different  lines  of  action. 
The  moment  of  a  couple  is  equal  to  the  product  of  one  of  the  forces  by  the  distance  between  the 
lines  of  action  of  the  forces,  or  the  arm  of  the  couple. 

Stress. — If  a  body  be  conceived  to  be  divided  into  two  parts  by  a  plane  traversing  it  in 
any  direction,  the  force  exerted  between  these  two  parts  at  the  plane  of  division  is  an  internal 
stress.  Stress  is  force  distributed  over  an  area  in  such  a  way  as  to  be  in  equilibrium.  Stresses 
are  measured  in  pounds,  tons,  etc. 

Unit  Stress  is  the  measure  of  intensity  of  stress.  The  unit  stress  at  any  point  is  the  number 
of  units  of  stress  acting  on  a  unit  of  area  at  that  point.  Unit  stresses  are  expressed  in  pounds 
per  square  inch,  tons  per  square  foot,  etc. 

Ultiiiiate  Stress. — Ultimate  stress  is  the  greatest  stress  which  can  be  produced  in  a  body 
before  rupture  occurs. 

Tension  is  the  name  for  the  stress  which  tends  to  prevent  the  two  adjoining  parts  of  a  body 
from  being  pulled  apart  when  the  body  is  acted  upon  by  two  forces  acting  away  from  each  other. 

Compression  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  parts  of  a  body  from 
being  pushed  together  under  the  influence  of  two  forces  acting  toward  each  other. 

Shear  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  planes  of  a  body  from 
sliding  on  each  other  under  the  influence  of  two  equal  and  parallel  forces  acting  in  opposite  direc- 
tions. 

Azial  Stresses. — ^When  the  external  forces  producing  tension  or  compression  act  through 
the  center  of  a  gravity  of  the  body  the  stresses  are  uniformly  distributed  over  the  area,  and  the 
stresses  are  axial  stresses. 

Simple  Stress. — If  P  —  the  force  producing  tension,  compression,  or  shear  and  -4  =  the 
area  over  which  the  stress  is  distributed,  then 

/,  -  P/A;    /e  =  P/A;    /.  =  P/A, 

where  ft  is  tensile  stress,  /« is  compressive  stress,  and  /*  is  shearing  stress. 

Working  Stress. — ^The  working  stress  for  any  material  is  the  unit  stress  that  has  been  found 
by  experiment  to  be  safe  to  allow  for  that  particular  material  to  give  a  properly  designed  struc- 
ture. The  working  stress  for  any  particular  structure  depends  upon  the  material  of  which  the 
structure  is  built,  the  loads  that  the  structure  is  to  carry,  the  accuracy  with  which  the  loads  and 
stresses  have  been  calculated,  the  possible  defects  in  the  material,  etc. 

Factor  <rf  Safety. — ^The  factor  of  safety  is  the  number  by  which  the  ultimate  stress  must  be 
divided  to  give  the  working  stress. 

Deformation  or  Strain  is  the  change  in  the  shape  of  a  body  caused  by  the  action  of  an  ex- 
ternal force.  Deformation  o?  strain  is  measured  in  linear  units.  Deformation  may  be  due  to 
tension,  elongation;  due  to  compression,  shortening;  or  due  to  shear,  detrusion  or  slipping  of  one 
plane  past  another. 

Elasticity. — Up  to  a  certain  stress  in  an  elastic  body  it  has  been  found  by  experiment  that 
stress  is  proportional  to  strain.  This  principle  is  known  as  "  Hooke*s  Law."  The  ability  of  a 
body  to  return  to  its  original  form  after  deformation  is  termed  elasticity.  If  the  stress  in  a  body 
is  carried  beyond  a  certain  limit  the  body  does  not  return  to  its  original  form,  but  a  permanent 
set  occurs. 
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—The  elastic  limit  of  a  material  is  the  highest  unit  stress  to  which  that  material 
and  still  return  to  its  original  shape  when  the  stress  b  Temoved,  and  is  the 
L  the  stresses  are  directly  proportional  to  the  deformations. 

-In  testing  materials  a  point  is  reached  beyond  the  elastic  limit  where  unit 
BC  very  rapidly  without  any  or  with  a  very  slight  increase  in  unit  stress.  This 
by  the  drop  of  the  scale  beam  of  the  testing  machine.  In  steel  the  yield  point 
X  thousand  pounds  per  square  inch  above  the  elastic  limit. 

lastidty. — The  modulus  of  elasticity  of  a  material  is  the  constant,  which  within 
^presses  the  ratio  between  the  unit  stress  and  unit  strain  or  deformation.  If 
elasticity,  P  —  an  awal  force;  A  -  cross  sectional  area  of  the  bar,  /  -  unit 
■  deformation  produced  by  P  in  a  lei^th  /,  and  i  —  Afl;  then 

E  ••  {P/A)KAID    or     E-fia. 

of  elasticity  may  be  defined  as  that  force,  were  HooIk'b  law  applicable  without 
i  produce  in  a  bar  with  a  cross  section  of  one  square  inch  a  deformation  equal 
:th. 

of  elasticity  of  steel  is  very  closely  E  =  30.000,000  lb.  per  sq.  in. ;  the  modulus 
iber  is  approximately  E  =  1,500,000  lb.  per  sq.  in.;  white  the  modulus  of  elas- 
varies  from  E  —  1,500,000  lb.  per  sq.  in.  to  E  •*  3,000,000  lb.  per  sq.  in.  with 
of  E  =>  J,ooo,ooo  lb.  per  sq.  in. 
lulus  of  Elasticity. — The  shearing  modulus  of  elasticity,  also  called  the  modulus 

modulus  expressing  the  ratio  between  unit  shearing  stress  and  unit  shearing 
e  of  shearing  modulus  of  elasticity  for  steel  is  about  |  of  the  value  of  E,  or 
J.  per  sq.  in. 

Ho. — Direct  stress  produces  a  strain  in  its  own  direction  and  an  opposite  kind 
'  direction  perpendicular  to  its  own.  For  example  a  bar  under  tensile  sttvss 
[tally  and  contracts  laterally.  Poisson's  ratio  is  the  ratio  of  lateral  strain  to 
I,  and  is  a  constant  below  the  elastic  limit.     For  steel  Poisson's  ratio  is  )  to  }, 

it  is  from  i  to  ir- 

itgth, — In  testing  steel  the  cross  sectional  area  rapidly  decreases  beyond  the 
id  if  the  rupture  stress  be  divided  by  the  original  cross  sectional  area  the  unit 
vill  be  less  than  the  ultimate  stress, 
bnnatioa. — The  ultimate  deformation  is  the  total  deformation  in  a  prescribed 

8  inches,  or  3  inches.     It  is  usually  expressed  in  per  cent  for  a  length  of  S  inches, 

ilience  in  a  Bar, — The  amount  of  work  that  can  be  stored  up  in  a  body  under 
elastic  limit  is  called  resilience  or  "  internal  work."  When  the  external  force 
/  applied  all  the  work  may  be  recovered  when  the  force  is  removed. 
I  of  conservation  of  enei^  the  external  work  due  to  the  force  is  equal  to  the 
a1  work.  If  a  load  P  is  supported  at  the  lower  end  of  a  bar  without  weight,  hav- 
a  cross  sectional  area  A;  then  the  external  work  will  be  JP-A,  where  A  ■  the 
,  and  the  internal  work  or  resilience  will  be 


^-Hm-u^)^"m^- 


imit  of  the  material  then  }/>/£  is  termed  the  Moduius  of  SesHtaux, 
to  Sudden  Loads. — In  a  bar  acted  on  by  a  static  load,  P,  gradually  applied, 
!  will  be  JC  -  ii.P.     If  the  load  P  is  suddenly  applied  we  will  have  K  -  A.P, 
xa  that  the  stress  produced  by  a  sudden  load  is  twice  that  produced  by  a  load 
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Impact. — ^The  stresses  due  to  moving  loads  are  greater  than  the  stresses  due  to  loads  at  rest. 
The  increase  in  stress  of  the  moving  load  over  the  load  at  rest  is  called  impact.  For  a  discussion 
of  impact  stresses  in  railway  bridges  see  page  i6i,  Chapter  IV. 

STRESSES  IN  BEAMS. — When  a  straight  beam  or  bar  is  supported  near  the  ends  and 
carriej>  loads  or  forces  applied  transverse  to  the  length  of  the  axis  of  the  beam  or  bar,  the  axis 
of  the  member  assumes  a  curve.  The  transverse  loads  or  forces  are  carried  by  flexure,  which  is  a 
combination  of  the  three  simple  stresses  of  tension,  compression  and  shear.  For  example,  a  simple 
beam  resting  horizontally  on  supports  carries  a  concentrated  load.  The  fibers  on  the  lower  or 
convex  side  of  the  beam  will  be  elongated  and  are  therefore  in  tension,  while  the  fibers  on  the 
upper  or  concave  side  are  shortened  and  are  therefore  in  compression.  Shear  is  taking  place 
between  each  vertical  plane  of  the  beam  and  the  plane  adjoining  between  the  load  and  each 
support.  Since  the  longitudinal  stresses  in  a  simple  beam  vary  from  a  maximum  compression 
on  the  concave  side  to  a  maximum  tension  on  the  convex  side,  the  stresses  will  pass  through 
zero  on  some  plane,  called  the  neutral  plane  or  axis.  Also  since  the  fibers  on  each  side  of  the 
neutral  axis  carry  different  amounts  of  stress,  they  will  lengthen  or  shorten  different  amounts, 
and  there  will  therefore  be  horizontal  shearing  stresses  as  well  as  vertical  shearing  stresses. 

Neutral  Surface  and  Neutral  Axis. — Under  flexure  a  beam  is  curved,  and  the  fibers  on  the 
concave  side  are  in  compression  while  the  fibers  on  the  convex  side  are  in  tension.  The  neutral 
surface  is  a  surface  on  which  the  fibers  have  zero  stress,  and  the  neutral  axis  is  the  trace  of  this 
plane  on  any  longitudinal  section  of  the  beam.  In  a  simple  horizontal  beam  carrying  vertical 
loads  the  neutral  axis  passes  through  the  center  of  gravity  of  the  cross  section  of  the  beam,  for  a 
rectangular  beam  the  neutral  axis  is  at  half  the  height  of  the  beam.  Where  a  beam  carries  loads 
that  are  not  at  right  angles  to  the  neutral  axis  of  the  beam,  the  beam  is  in  equilibrium  under 
flexure  and  direct  stress,  and  the  neutral  axis  or  line  of  zero  stress  will  not  pass  through  the  center 
of  gravity  of  the  cross  section  of  the  beam,  and  may  fall  entirely  outside  the  beam.  A  bar  carrying 
simple  tension  or  compression  may  be  considered  as  a  beam  in  which  the  neutral  axis  is  at  an 
infinite  distance  from  the  center  of  gravity  of  the  cross  section  of  the  beam. 

Reactions. — For  any  structure  to  be  in  equilibrium,  (i)  the  sum  of  the  horizontal  components 
of  all  forces  acting  on  the  beam  must  equal  zero,  (2)  the  sum  of  the  vertical  components  of  all 
forces  acting  on  the  beam  must  equal  zero,  and  (3)  the  sum  of  the  moments  about  any  point  of 
all  forces  acting  on  the  beam  must  be  equal  to  zero.  Having  the  loads  given  the  reactions  can 
be  calculated  by  applying  the  three  conditions  of  equilibrium. 

Vertical  Shear. — ^The  vertical  shear  in  a  beam  is  equal  to  the  algebraic  sum  of  the  forces 
(reaction  minus  the  loads)  on  the  left  of  the  section  considered. 

Bending  Moment. — ^The  bending  moment  at  any  section  of  a  beam  is  equal  to  the  algebraic 
sum  of  the  moments  of  the  reaction  and  the  loads  on  the  left  of  the  section. 

Relations  between  Shear  and  Bending  Moment — In  a  simple  beam  carrying  vertical  loads 
the  shear  is  a  maximum  at  the  supports  and  passes  through  zero  at  some  intermediate  point  in 
the  beam.  The  bending  moment  is  zero  at  the  supports  and  is  a  maximum  at  some  intermediate 
point  in  the  beam.  The  shear  is  the  algebraic  sum  of  all  the  forces  on  the  left  of  a  section,  while 
the  bending  moment  may  be  defined  as  the  algebraic  sum  of  all  the  shearing  stresses  on  the  left 
of  the  section.  The  definite  integral  of  the  loads  to  the  left  of  the  section  equals  the  shear  at  the 
section,  and  the  definite  integral  of  the  shear  to  the  left  of  the  section  is  equal  to  the  bending 
moment  at  the  section.  From  the  above  it  will  be  seen  that  maximum  bending  moment  will 
come  at  the  point  of  zero  shear. 

Formulas  for  Flexure. — Applying  the  conditions  for  static  equilibrium  to  any  cross  section 
of  a  beam  we  have,  (i)  Sum  of  Tensile  Stresses  =  Sum  of  Compressive  Stresses;  (2)  Resisting 
Shear  ■■  Vertical  Shear;  (3)  Resisting  Moment  =  Bending  Moment. 

Resisting  Shear. — If  the  shearing  stresses  are  uniformly  distributed  the  shearing  stress 
will  be 

/•=   VIA.  (I) 
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The  shearing  stresses  are  not  uniformly  distributed  and  for  a  rectangular  beam  /«  »  iV/A, 
while  in  a  circular  beam/,  =  iV/A, 

Resistiiig  Moment. — ^The  bending  moment  at  any  section  is  resisted  by  the  moment  of  the 
tensile  and  compressive  stresses  which  act  as  a  couple  with  an  arm  equal  to  the  distance  between 
the  centroids  of  the  tensile  and  compressive  stresses.  The  moment  of  this  internal  couple  is 
called  the  resisting  moment.  If  /  =  the  unit  stress  at  any  extreme  fiber  on  the  surface  of  the 
beam  due  to  bending  moment,  c  —  distance  from  that  fiber  to  the  neutral  axis,  and  M  ^  the 
bending  moment,  or  the  resisting  moment,  then 

M^^—,    or    /--J—.  W 

where  I  =»  the  moment  of  inertia  of  the  cross  section  of  the  beam. 

Moment  of  Inertia. — ^The  moment  of  inertia  of  any  area  about  any  axis  is  equal  to  the  sum 
of  the  products  obtained  by  multiplying  each  differential  area,  dA,  by  s*,  the  square  of  the  distance 
of  each  elementary  area  from  the  axis,  /  »  Z:^-dA.  The  moment  of  inertia  of  any  section  is  a 
minimum  when  the  axis  passes  through  the  center  of  gravity  of  the  cross  section. 

Section  Modulus. — In  designing  beams  it  is  convenient  to  use  the  ratio  S  »  I/c,  so  that 
Jf  =  /•  5,  or  /  s=  M/S.    The  ratio  5  is  known  as  the  section  modulus. 

Tables  of  Moments  of  Inertia  and  Section  Modulus. — Values  of  moment  of  inertia,  J,  and 
section  modulus,  5,  for  different  sections  are  given  on  pages  548  to  '551,  inclusive.  Values  of 
moment  of  inertia  and  section  modulus  of  structural  shapes  are  given  in  Part  II. 

Deflection  of  Beams. — In  a  simple  beam  carrying  vertical  loads  the  upper  fibers  are  shortened 
and  the  lower  fibers  are  lengthened,  while  the  fibers  on  the  neutral  axis  are  not  changed  in  length 
but  the  neutral  axis  assumed  the  form  of  a  curve.  The  differential  equation  of  the  elastic  curve 
of  a  horizontal  beam  carrying  vertical  loads  will  be 

ifcc*      EI'  ^ 

Substituting  proper  values  of  £,  I  and  M,  integrating  twice  and  giving  proper  values  to  the 
constants  of  integration,  the  values  y,  or  the  deflection  may  be  calculated  for  any  point  in  the 
beam.  The  equation  of  the  elastic  curve  of  beams  of  various  types  are  given  on  pages  531  to 
547,  inclusive. 

The  maximum  bending  moments  and  shears  in  beams  due  to  moving  concentrated  loads  are 
given  on  page  542. 

The  moments  and  shears  in  continuous  beams  are  given  on  page  543,  page  544  and  page  545. 

Formulas  for  stresses  in  reinforced  concrete  beams  are  given  on  page  546,  and  stresses  in 
columns,  safe  working  stresses,  and  safe  loads  on  slabs  are  given  on  page  547. 
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'  Areahrqivensb-ess, 
A'^  >  (c) 
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hidlcompresshaof}  m-m. 

Area  fyrf  km  stress, 

A'f  (y 

wh&e  A-areecfxctiof)  m-m. 


i.SifinE  Shear. 


4.  DIAOONAI  5TlfE55e3:TPH5IUni^Cr. 


^--^ 


Unit  shear  on  m-m, 

F^=£,  (a) 

"Bi^  shear  on  m-m. 
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/iax.  unit  shear  an  n-n, 
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tvhere  f ^^  •£,A-areasec.nr-m 
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-*         —      tfaxonit  tension  Kt  n-n, 

veS=£;^'£;A'3re33ec.m-m. 
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Modi^nof £/asiicify, 
F.f.P/A   M 

Total deformatan, 

C'  A£ 

tvhereA'artasechoo/THn. 


'Bis/ deformation, 
IMitdehrmation, 
vfhenA=arr»  9Ktionm-m. 


11.  ^jmAmDEFOiffiytrim: 


Percent  e/ongafA>n, 


1=  Oriqinal length. 
2'  lengthat  fai/ure. 

A=Origiha/sectior)area. 
A  '-4reariptt/rec/sectji>n . 


/Z.  TkiNflPesAnDCnmoeFsifiTrmiiPitessme. 


Traasrtne  ri^ 

,:    5  w-imitmter/}t/ pressure. 

.k  ^  Bofhi)f}qitiK6'r>alane/tr^>s- 

r>    §■  twie  stress  f>  are  nt^epeo^ 

■^  artt/thefermefiheeach. 


13.  ^TwcssmnSiMuclfiveTeD  Lap  Joints. 

Unit  tension  on  plate, 
4=Pr{p-dH 


p\^'\0 


-^■F 


b 


IMitcomf^vssiananrifet, 

fo'p^td        m 

Unit  shear  on  Hretf 
f,'P~^rTd^  (cj 

^  hngitm^r^Jimtiin 
pipes  orcyAndm  P'iai^ifaj 
O'diampipeorcylinder 


14.  STKtsiesmBooBixl^cTeo  Up  JOINTS. 

Unit  tension  on  plate, 
ft'P^(p'dH      (a) 

Unit  concession  on  rivet, 
f^'pTiid  (W 

Unit  shear  on  rn'el, 

fy-P^^ITd^  (c) 

Forlmg/hk^uljeiitsaipipe 
orcyindtrs  P-Jwffp,  (£/) 
J>'diam.  office  or  cylinder: 


IS.  Dismi^SimieRivcTtD  Lap  Joints, 

See  figure  al?o>^.   For  Butt  Joints  see  Chapt.XW 
Host  efficient  jomt  far  cyA/jdrr^andpjpe, 


-f'^f ' 


(di 


/instdficifntjomtforglrent^c^xpAte; 

(&  (Pj  (q) 

fgr/mlimlltmerfUianb«)rms^nrtti»tQ>ipt.XW. 


16.  D£SISNOF£^t/Bl£RlVfT£DtAPjXNTS. 
See  Figure  above. 

Host  efficient  join  t  forcylmders  andpipe, 

(31        (bj  (c)  (dl 

HosteR^ient joint  forgiven  t^Anesspiate, 

<''#-•  p-HiJ'^'  "^= 

(e)  (f)  (q) 

Far^smitiJnrorf/irmtmirMJ^rnrlsSff  Cl»pl/fff 
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fiber  stress  ^toagivenmome/fiJhsqAenieiifj^ 

tioamUoausea  giimfjber  stress Jh  a  q/mjbeim, 

/f-4^  (b) 

Sectbnmochlusforq/yenmome/fianc/ Fiber  stress^ 

Moment  of fnertia  fbrqimt  momenl,f/6ersi'ress 
^ndcfistsnce  to  extreme  f/tfer, 

I-^  (d) 


Id,  tUSr/C  DtfLeCT/0rf0FB£AM3. 

DifferentiiteqtfdtmFromitthicheqif^hnofelKtk 
carrehftmd.      ^j^  tij,  ^ 

Sx' 

7bdebermhee/9st/ccorre,t¥^/fTao</farecon5t' 
ant,  integrate  tm'ce  determinihqconstants  of 
htegratib/jtfysobstitotihgAnomf  vaA/esots/cpe 
ancfdefkction  an</corre9ponciihgya^je9ofx, 

T/jeet^t/hnoFcarne  changes  ate^ry concen- 
trated ioacfbutis  same  t/)roag/joat/brmitafm 
loadorfbruniform/y  rarying/oad. 


19,  5h5A/^jmg  5mt55^irfBe/tn5. 


Average  unit  shearing  stress, 

ca) 


F.4. 


/kutraiAxiS' 


VJ 


Oiscentroidof 
sijac/eddrea 


l/nithon'zonfaishearing  stress, 
(longitudinais/Tear) 

fy'^?ri,  (b) 

?n  ''stat/cmomentoFsrea, 
^ovesectionconskkred,aboui 
rxutralajtis,  Forhorizontafshearat  mm,  7n  » 
erea  oFshac/ec/ portion  ma/tjo/iect6yz,  the 
distance  toits  centroict.  The  max  an/thor/zr- 
onta/ shear  m'/f occur  at  the  neutral  axis. 

The  max.  unithor/zanta/shear/orarectang' 
alar  beam=^^  average  unit  shear,Forarco/ar 
sect/on^4,anolForanF^eammay6easmt/c/2 
33^2  times  average  unit  shear. 

ForroliedorMitl'beams  the  max. unit 
tiorizontai shear  very  nearfyeguais  the  total 

vertkaisheardivicfeoi  by  area  oFfveb, 


20.  CoLuntfFoRrfULAS: Axial  Loads. 

Straight  Line  Formula, 

^^-a-iS^  (a) 

A         r 

For  constants  oc  and 6 see  Table  IXpagedO. 
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Ranklne'sfGordons)  Formula  f 

P        cc' 

Forconstantsoc'andlSieeTablelXpageBO, 

falerb  Formula, 

4=  (c'^fI.  (c) 

A  r^ 

According  to  Merriman  cc  "has  the 
Folio  w/ng  value sj 
doth  ends  hinged,  a^^ir^ 
One  end  Fixed  and  one  hinged,a:  "^  ^^/r  ^ 
Both  ends  Fixed,  a  "=4^^ 

In  Foler  'sfhrmula  P=  ultimate  strength. 


ZL  TdRbiOfi  or  5HAPTS, 

Solid  round shaFts, 
Fe^lrrd^F 

F-3ZI,0OO^i 
d'^68.5fg 


ZZ:3TPt55t5  /h  HOOKS:  Affiroxknate  Solution. 

Maximum  tension. 


(a) 
(b) 

(c) 


Solid  sguare  shafts, 
F^'id^F  (approx.)  id) 

F'ld4,000^^j  "      (e) 


11= horse  power. 

H' rev,  per  minute.       d'bS.Tj^ 


f.E^Pec 


(a) 


n       (F) 


A'  I 
where  A*  area  of  section 
m-m,  e  *  distance  from  line 
oFaction  ofload,f^to  cent- 
roidoFmm,  c  distance 
From  centroid  to  extreme 
Fiber  on  tension  side,!^ 
moment  oF inertia  oF sec- 
tion m-m  about  axis  thr- 
ough centroid.      ^ 
Fi>r  exact  sohlion  see'Slocum  and  HancockfPlSL 


c./ 
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//  Plate 6iRD£/fS:See^i9Ch^ter XVII 

M'A'ffh  fa) 

area.  M-(A;4iA„)Fh  &I 

(ijtfomentoFineriisofnetsfction, 

M'^'  (0 

{4)f1omenioFinerlia  oFqron  section, 

^'^  (dJ 

Af  gn<^/t„  -  niiareaofmrnin^  gn^gross  *-« 
oFt'ei,  lanJl'-fnameni  aF/nerfig  oppress 
an^oFnfl9ection,h-di>l.4iH^Flin^f3- 


24ymrrmmKAL  llUS3MgrAfff.Jppwimiti>iiim 

tl-'iM/  giomtnt  ForrrrtialhiA. 
T,_.j.'J,  I,=irKfmtiifintrtta,aiisl-l 

■f\  \  Ii-moiffiteFiirtrliiiiiiiii- 

^^^^r  tlax  ten$ik  Fittr  streui 


f^.-nlif^.-ifL^),. 


25.EccefiTf(icLgADsonPf{isfis:5ttihi>ai»pt.  v. 


Z6.n  CXUIfeAflODmCTSTREX. 

f/eturetnd  amprenl«n,  f'r*  f 


Fleiurevd  tension,       ^-a^j 


'itfpi^^kir 

k'  U)Forbotl>endshinqed,  UFgroaeendhinqed 
amiao*Fi^td,}l  For  bolhends  Finedi 
ApproxkiateFormola,      F=-i  -^i  "^ 


For  dfrect  stress  either  tension oreemprr^iea. 
ti  maytiethttdtttiqt^BFimiiilitrarlotiderBdloid. 


nT/fi/cSTffess. 


I„  •  momentoFinert'a-oFsKlmirt-m'abevtaiaiH). 
A  'area  oFsectiott  m  -mi 
Imet^acthn  ^reuiltant,  jfMiP  ; 
/Ft/weH  tenpoa  atm  'aodsectimi'llMttahil,  He 
^resiriis'-S  aeditm-jPff-j'J/arrectanf.sect. 


1 

Ml 


A'FoiSioi}'s/?atio. 


F„  FffiF}  'apparent  mt  siresset 

l.t/itj  'true  unit  streises. 
i,--F-M-JFi  (a) 
tf'Fr'IF-'Ifi  ;  '■'W 
tj-^-J^-JF,j         (c) 

IFany  stress  is  tension  c/ta- 

^  its  sign  in  above  hrmolas. 

A'jForitetlandmoaqhti-  ' 

A  'j  For  cast  iron. 

Jl'k  For  concrete. 


9.  CruriDRICAL  /?OU£RS. 
UnitStrtssForijiwthad    cJmJFTi 

androller,  Ism     T 

Length Forqiiienlotd,<£am.  ,  iW_JF_li 

and.i^totresi.  '■'ZFOLlFJ^  f 

Total  load  For  qiyenroSer  ^^  ItOFfSlUc) 

and  unit  streti.  3       '  ^J', 

Load perunit  length  For      y^ioF^P 

giien  roller  and  umt^resi.  i  t£j 
O'diam.oFro^r.  L'lenqtl^oF roller, 
E=modulva  oFelestkit/. 


29.Tt1ICf(PlP£SAMDCrimDf/f5:lntemalPressvre. 


Maiitnam  unit  u/npresshn, 


Tfiiikneia^  giivnpre 
onit  tensionandM»i^radiiii 

'■'[('0-']  '" 

tT'  unit  internal  pressure. 
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30,  5TRC55£5inrLAT PLATf5'Ut1IF0Rtli0AD. 


C/rcu/dr  Plate; 

CircumFerence  Fixed, 

CircumFerence  support ed^ 
f.  mwr^ 

/^st^ 

Rectangukr  F/ate, 
CircumFerence  Fixed, 

CircomFerence  support ecf, 


I 


•"Ci. 


t- 


■>'. 


1-     ^ 


Unitstressis  about  ^ 
IM  For  drcumiereoce fixed. 
Square  Piates, 

CircumFerence  hxed, 

/  4t^' 
CircumFerence  supported, 
Unit  stress  15  oboot^ that 
For  CircumFerence  Fixed, 

See  Chapter  V/tf,p,  J/^andiati^/fi 


3/.  iV0RK0PP£5iLltfiU. 

BARS. 
Wor/c  done  in  stressing  a  barbetowe/asttc 
iimit  Front}  OtoPjOr  OtoF^ 

K-iPA=^F6Al-^(f)Al  ca) 

FromPftoF^  orf^tof^y 
l(-^P,A,^^PAr^(FA-fiSjAl;   lb) 

Beams. 

DeFiection  under  one  ioad 
DeFiection  at  any  pointy 


(c) 


(dJ 


hf/fere  Fijr  'foment  at  any  pom t  due  to 
given  load  in  cj  and  Fl-  moment  at  any 
point  due  to  a  unit  had  placed  at  the 
point  at  whic  tithe  de  Fleet  ion  is  req- 
uired. 


32  CcnTRoiD  (CFiiTER  OF  Gravity)^ 

General  Formulas; 
V'  FxSA_  fxSA  ,      . 
ISA'T*      '^^ 

structural  sections  Cdnt>e 
divided  into  Finite  elements 
'theproperties  oFwhichare 
known.  The n(a)  and fb) become 


r-  2x/iA  £(hy 


(c) 


r 

iory 

i. 
Z 


centroid"'  X 

n?^-i 


yAydA.t^X;       (J) 

%  ^Stabc  moment  about  qireoiax 
lnFiqlletAf,A^,AjandA^  - 
^ .    3rea$  oFt4>p  b,  bottom  L^,  cov. 

t     \       o       \  "^^Pl'^ridi¥ebpl5,andyy2»^,^ 
"^     ^  V/V  j." "  "ii "  "^  beordinates  oF their  centroids. 
^^^^'paraifeh'.^  ^        jt'O  by  symmetry, 

'  tfoidA^^A,^^      p^ i2sM^ 4y/^/»^M^4,yf 

K^^.     -'i^'^l'V  ^       Ar^Af^-Aj^A^ 

1t^'^<   ^  FiQ3CentroidoFtrapesoid 


J^^"'  Fig,4 


Fig  4,  Centroidofanytmareas. 


33.  FloM^nTOFin^RTiA  AttD  Product  OF  itiFRTiA. 

General  Formulas^ 

ly'fx^SA 
J^-fxySA 

Tra nsForm  a tion  formulas, 
Ix-I,iAd^sI,^IjrAd^Ja) 

rZ-^'i-d^rc^TZ-dW 

JjrY  ^^cc'-f-Axy,       (c) 

•      l2;T;ri^Iy^  (d) 

/j'--^Vr/  (e) 


lu^If-Ix^Iy ,        ^/> 
ly'IjiCOi^iTySiny-iYsinU 

Ji^'i(I,'Ir)5ini^*irCosit 

PtincipalTlomenboF Inertia; 

tenia  =^{yf?P-jyx/> 
L'IjfCOi^aHy.5init{y5ihioc 


Axes  are  designated  by  subscripts 


L 
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34  •  CA/fr/L^uFJ^  B^AM  w/rn  Load,  P^at  Fi^ee  £ud  • 

End  fieacf/on,  X2r  **  A 


% 


Beam 

Shear 
Diagram 

Momenf 
Diagram 

Elastic 
Curve ' 


Siiear  af  any po/ift  li^P* 

Moment  at  any  po/ntf 
Mx'^PX' 

Maximum  Moment',  M"  PI* 
Eft/ation  oE Elastic  Curve, 


55-CANTiLBV£k  Beam  with  Uh/fokm  Load,  W  pen  Unit  of  Lbhsth- 


w  p«r  unit  oF  ltnyfh-\ 

^^^^S^^    Beam 


U-.—J'—.-^ 


}Sd^  Moment 
^    Diagram 


pirl' 


K^..,yr.jLi 


^      Eiasfic 
yy-     Curve 


End  Peaction,  Pt'^tvl' 

Sliear  af  any  point  /i*^  wx* 
MaX'Sfiearj  y-  tvl* 

Moment  at  any  point,  Mx^  ^ 

Max  •  Moment,  at  Pigift  Support,  M"  ^ 

Eifuation  of  Elastic  Curve 
8ei 


36  CANTiLBvE/i  Beam  w/th  Cohcehtkated  Load,  P,  at  amy  Point < 


tH 


Shear 
Diagram 


Moment 
jram 


Biastic 
Curve 


End Peaction,  P^-P- 
Siiear  hettveen  P  and  Support  ■■  P- 
Moment  between  P  and  Support*' P(x'/cl) 
Max- Moment,  at  Pigift Support-- P(l'ia) 

Equation  oE  Elastic  Curve  between PS/^i 

y  '^^/■3/r2^tFiW'3iflx^''^2^xt6Aiir) 

p  - 

DeFiection  under  Load,  A^^jf/  (I'td) 

Max- Deflection,  A^^j(Z-3/c^ic^) 


37    CANT/ieyeR  Bbam 
wx  per  mtiea^^^ 

Beam 


j  "•"^■^■^■Uiinu  1 1 1 1 1  wl^  Sfrear 


7ram 


Moment 
7m 


Elastic 
:^     Curve 


W/TH  ^A/^/ASLB  Load 

End  Peaction,  Pt'^^'  . 

^  *        wx 

Strear  at  any  point,  /jc**  "F"- 
Max'Sbear,  /«  ^  • 

Moment  at  any  point,  Mx^ 
Max- Moment,  M  ^  ^\ 

Equation  of  Eiastic  Curve 


Max- DeFiection,  A 


^SOEi 
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38.5mPLB  BeAM--  ConceNTPATeo  Load  at  thc  Cgnrj^^^ 


U—^i-i->i 


:? 


>e. 


Beam 


5hear 
Diagram 

Mome/tt 
Diaywn 

EJastfe 
Curvs 


fnd Reactions;  Pi  "R^"-^* 
Shear  af  any  pcfnt'' 

3tfi¥9en  Pi  JtPand  between  PS P^   Kc'^' 
Max- Shear,  V"^^  ^ 

Moment  at  any  point' 

Between  PtdtP;tix''PiX  -  -^X- 

Between  PJtP^jttf  "PiX^-PO^-^J^^fl-x,) 

/fax- Moment/  M*;^PZ,  occurs  atx^i* 

£/ast/c  Can/e  and  Deffecthns  • 

Between  P,  SP;y'^/  C4x'-3Z'x)  • 
Between  P  Be  Pz;  symmetrical  about  center* 

Max- Deflection; A«Jt^\  JT- 4  . 

48  Yd'  Z 


39  -Sjmflb  BeAM  -  CoHCENTJ^ATeD  Load  at  ahy  Pt?L 


f± 


^-*— 


T 


^' 


Beam 


->i 


mrnrnjf 


Shear 
Diagram 

Moment 
Diagram 

flastic 
Curve 


?D  LOAD  AT  AHY  rViffr-. 

£ndPeactions:Rt'*  Ci^;P^m^. 

Shear  at  any  point  i  ^^    , 

Between  P,  St  P,  Ke'Pi'  ^^' 
Between  PSP^,  yx'J^'&'  , 

Max- Shear;  /pra<j,  y^Pi;fora>f,  V'Pi' 

Moinent  at  any  point :  Pfi^) 

Between  Pi4iP;Mjc''PiX^  ^"^^-^'/v,  » 
Between  PJt  Pi;  Mx''PtX'P(x,na)^O^x-PCc^) 

MaxMeaient;M*Pia*'  ^j^'  occurs  at  X"  a- 
f/astic  Curve  and  Deflections: 

BihrneaJi^P/y-^^Ula-a^-xV' 

BetweenPSJi;y,^^P^filxr3'^xf)* 

taxlkfl;a4;A^§i(l}^fl^^ 

MaxBefl}a>j;A''^p^;Z''f^^ 


40'SmPLB  dBAM-TWO  fOUAL  CO/tC£/fTRATPD LOAPS,SrMlfeTR/CALLY  PlACWD^ 


> 


Beam 


I 
K 


.-/^l, 


-~— --- T— H 


llbJ 


{^"^  /y^y/  r^ 


Shear 
Diagram 

Moment 
Diagram 

Clastle 
Curve 


fnd Peactions  ;  Pi  ^Pz  "P- 

Shear  at  any  point: 

Between  if ,  and  left  P;  f^x^P- 
Between  L  oads;  /x'^O- 
Between  right  P  and  Ptiyx^P* 
Max- Shear,  y"  P- 

Moment  at  any  point: 

Between  Pi  and  left  P;  Mx'Px^ 
Between  Loads; Mx^PtX-Pfx-^)  "Pa* 
Max-  Moment;  M^  Pa  • 

Clastic  Curved  Deflections  : 

BetweenPiJlleft  P;y''^j  (Sla-Ba^-^x^)' 
Between  Loads ;y,  -^  fSlx-Jx^-a')  • 
Between  rlghtP^Pi;^mmetricalwfthl€ftMJePr 
MaxPeftectjonjA'^j  (3Z'4a^)j  X^  j  * 
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4f.  5iMPL£  Bbam- Uniform  Load- 


>e 


wl 


^•?*, 


i\^M^ 


I 


-^? 


/fr^'. 


r^^nj^^^ 


wl 


y---^J„*J^_. 


Beam 


Shear 

Momenf 
Oiegram 

Curve 


End  Reactions:  Ri  *^XV  "  "z" ' 
Shear  at  any  potnf:    J^  *  ^  -  ^x  • 

Max-  Sh^ar;  V'  ^;  occars  a  f  each  support 

Moment  at  any  point  -'Mx"  ^x  -^  tvx  ^ 
tiax  Moment;  M^^wl^,  occurs  3t  center • 

Elastic  C'urve  and  OeFiections  : 


y'.^.(i''^i^''^') 


^4E/ 


/* 


i  n^Z^^i 


Max-  De Fleet  ion;  A  '^jf^  ^;  X"  j 


J£,S/MPIF  BFAM -  TRIAtfeULAR   LOAP  WITH  Max/MUM  AT  THF  CFHTFR 


Beam 


Shear 
j  wl    Diagram 

Moment 
Diagram 

Elastic 
Curve 


Total  Load^^^'  ^ 

End  Reactions  :  R,  "Rf  *  ^ 

Shear  at  any  point:  ^ 

^etn/een  R/J^ Center;  /x  '  fv/^f'-'^J  • 
Bfttvfen  Center  JPRz;  ^x  "  v^ffl^-lx  -t^J 
Max  Shear;  ^*y  ^v/^  occurs  sf  supports' 

Moment"  at  any  point : 

Befiveen  Rt  and  Center ;  Mx  ^vvx(f  -%•) 

Between  Centers^ Rti  Mx  ^^(-Z^t9l^''iZlx**4/) 

Max- Moment;  M^^wl^}  occurs  at  cenfer* 

Elastic  Curve  and  PeFlecfions: 

BefmenR,  &Center:y^  ^/^"i^"  leJ 
Bettveen  Center^  Ri;  Symmetrical' 
Max'DeFlection;  A  -^^^  /-T*  ^  • 


43 '  SlMPLF  BFAM--  TRJAN6UIAR  lOAl>  WITH  MAXIMUM  AT  R  16117 Elf D- 

^^    Beam 


kVX — 


>^/nTTyri7Tr^'^,,,,,. 


Mx'rji, 


\-M 


IZ^-'A 


Shear 
Diagram 

Moment 
Diagram 

EksticCurve 


Total  Load=  ^^• 

End  Reactions  :Rj  "^wZ^;  Ri  '^iivl^- 

Shear  a f any  point:  Kx^^^fL-x*) 

Max' Shear;  li^^tvlf occurs  a^  righF  support' 

Moment  at  any  point :  Mx  "  ^fl^-xV- 

Max-Moment;  M''(hO04i¥l)occurs  atZ''0-5774Z^ 
Elastic  Curve  and  DeFlect/ons  : 

Max'PeFlection;A  ^  O-ffOSSZ  TJ,  X''^S1913 1  - 


44'SiMPLe  Bfam-  Trapfzoidal  Load  mr/f  Maximum  at  ^isht  £nd< 


I^O-SZ  to  0-577  W^^  ^' 
Mx-^". 


y-:^ 


Beam 


Shear 
Diagram 

Moment 
Diagram 

EksticCwyi* 


Total  Load  =^  v^  f  ^'' 

End  React  ion  s-Rf'kCf^i  ^^;Re^ffp^t$weZ) 

Shear  at  any  point:  Vx^w,  (t'x)t^(i-xV 

Max- Shear;  V"  fCiv,  ^f^  Z),  occurs  at  ri^tsupport 

Moment  at  any  point;  Mx  '  ^'flx-x^tWZx  -xV 
Max- Moment; M'fkZt^Zy^  (Approx-) 

Elastic  Curve  and  DeFlectldns : 

y  t4FI^^  ^^^^^i^lZFl  (  S    10  30^"^ 
MaxDeFl';A''£^^*O'00iSZ  ^;  X'O-SlCApprox) 
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45.BeAM  OveR-HAHem^  One  Suppoj^t  -  l//f/poje/f  Load* 


w  per  unit /enofh 


Besm 


5hear 

Moment 
Diagram 

iiastic 
Curve 


Reactions:  R,  '^iwI-J9m(f)^Rt^inrl'tHmt^mn(f) 

Shear  sfany  pcint  f 

SefM^e/i  X}  ^Pt;  Vx  *>&  -  h'A/  • 
Between ^t  and  fndsVx''  tv(m'-Xt) 

Moment  at  any  point: 

Between  P,J^Pf;Mx'^PtXriF9vx^' 
Between  ^  di£M;Mx  ^  ^JP'^d  ^'  p 

Max- Pi9sifi¥e Moment;  M**  ^;ecct/rs  whenx"^. 
Max- Negative  Mofffenf^M  ^  -^wm^f  occurs  ^t  x^^i 

f/ast/c  Curve  and  Def/ect/ons : 

Between  P/££'z;y'gif/[4^Cxf-l%)-w(xf'fxSJ 
Settmn^&fndiy«^^[w(6m'4'4mxlt3lx^tJ^Hll;2^ 


46'Beam  Ovep-MAN6iif6  0/fJ?  Si/ppoi^r  "  CffNcetfrPAT^p  LeAD  at  Aitr  Foim 


8  f^       ^     *ir^ 


Hc--'^/->< 


nun 


nnm 


'^.<frgr>v. 


vU:tJ>^! 


Beam 

5/fear 
Diagram 

Moment 
Diagram 

Elastic  Curve 


^PO^r  -  C^NC0tfrPATt£>  lUAD  AT  AltV  yoiNT- 
J^eactionsiR,^^i::^}f^^^^M:S^^ 

Shear  at  any  point: 

Between J^i^ Pi  :yx''P,J  between ^J^P^; ^x'^rf) } 
Between  Pt  ^li^  /x  «i%* 

Moment  at  any  point : 

Between  PiotP,^  Mx  "PrXt  • 

Between  fiJtPz}  Mx  "Pjx,  -P,  fa  ^a>  -ZJ 

Between  PtJt  Pr  ^  Mx  ^  /iCm-Xs)  • 


47 'Beam  Ovbr 

wper  unit  iength 


•HAN6rm  Both  Supports  -  Umfopm  Load  • 

Reactions'.  Ri'^iflfmi-D-nil^  Pz  =^[thH)-m^^ 
Shear  at  any  pofnt: 

Between /eft end ^  Pi ^  ftx^wfrn-xj 
BefweenPi&Pt}  x^Pi^wfrn-^x^) 
Between  Rz  bright  end}  /x  "  yvfn-Xs) 
tiax- Shear;  V"  wm,  or  Pi-ivm* 

Moment  at  any  point: 

Between  ieften</J^  Pt;Mx-ywfm''xi)^* 
Between  Rj  JePt  /  Mx  **/  v^m  *-Xi)^PiXi  • 
Between  Ri  &  right  end fttxjf''^  w(n  -Xs)  *•      ^ 
Max-/hsih'f^t1omentjti'R,(fl^'-m),occarsatxz''^''m' 
M3X'NegafiyeMoments;M''^wm*afKijM'*iwn^atPz 
/hi/ffsofConiraf/exu/ir;x0  ^/^"^tVfSj^^T^^ 


Beam 

Shear 
Diagram 

Moment 
Diagram 

Eiastic 
Curve 


4B'  Beam  OvB/^-ttAHeiNe  Both  Suppoj^ts  -Two  Extj^psop  Co/tCE/fTPATED  Ioai>s 


m 


:^<tti[il^^ 


Beam 

Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


Reactions.  R,^  ^'""^^tPj',  Rz"  .^^"-^^  fPz « 
Shear  at  any  point: 

Setwee/?^^R,;^x'^  :P,&R„  /x  'ff-R,}  Rz^^i,  fi'^- 

Moment  at  any  point: 

Between  F,  ^R, ;  Mx  "Pifm-x,) 
Between  R/^Ri;  Mx'^Pimtff^-Pjxz- 
Between  Rz^Pt;  tfx'Pzfn  -Xs) 

Moment  at RtiM^Ptm;  at  Pz,  M^/in^ 


540 


STRUCTURAL  MECHANICS. 
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laADATANYPOlHT' 


49'3eAM  FJXBP  at  One  EMD  and  SUPPOPreOAT  OTUfR-CONCfffTPATfDlaADATAi 

"■  Y ^  ^  5he9rafsnypof/if!3etvmnlf,&F,y,''i^r,betmenP^ 


W-. 


%Rr 


Beam 


— H 


Ri 


1 

1 

1 
1 

1 

1 

^t 


Shear 
Diagram 


5/feerafanyp^iif.'ifetwfnlfi&/iy,''^i;betvmnPJiRt,\^jc'=i 

MmeatafanyftmftMmKn^JtPiHx'iij^kefmeftPJt/^^Mx'^''^ 
MaxfhsIHveMpmenf:M''Rta,  occurs  un<fer /oad' 
Max- Ne0affyeMomenhM^Jil'P(l'4,ecct/rs  at  fixed end» 
Point  of  Contra  fJexi/re:  X0  ".&.  • 

flastic  Curve  <f  Defkcthns  :   ^ 

BetwemR,&P,y^A}l3K7'x'  R,x^'  3Pf?-3)^xJ 

3eh¥9enP^l^;y'^^/j^(ZV'3J^f^^)''3fbn-J^J 
fora''(l-4l4l;MaxDef^A'0'0O9S^,  eca/rs  under /fad- 


Moment 
Diagram 


If  Pis  A  M0VIN6  Load: 

Absolute  End  Reactions: 

RrP, occurs  when  a'0;Rz''P,occurs  when  s^l* 
Absolute  Max/mum  Shears : 

Ri^Pioccurswhena'(I,atx*0;^'/ioccursi¥hena'l,etx»l* 
Absolute  Maximum  Moments  : 

Max- Moment  Is  Ne^ath/e  and  Is  M'0'I9Z5Pl}  occurs 
at  fixed  end  when  3^0' 3 774  Z* 
Absolute  Maximum  Deflection : 

A''O'009S'^,occursunder  load  when  9"  0-4141'' 


flastic 
Curve 


50*BeAM  f/xjf£>  AT  OtiB  Ehd  and  Supported  at  Othbr  -  Uh/foj^m  Load 


w  per  unit  len^h 


^ 


MxTa 


ffrrfii^ 


Beam 

Shear 
Diagram 

Moment 
Diagram 


fnd Reactions:  Rt  =§wl;  Rt  -jwl^ 

Shear  at  any  point:  yx^wCfi  ^x)» 

MaxShear;  /''fwl,occurs3t  right  support. 

Moment  at  any  point:  Mx'ivxfjlf'l'-^x) 

Max- I^sltl^  Moment; M"!^  wlfoccursaf  X'^fZ  • 
Max'tfogatnrMoment;  tf"  jriYl;oarurs  at  right  support^ 
Point  of  Contra  flexure;  A#  -4?  Z  • 

Elash'c  Curye  and  Deflect/on  st 


f/asffc^unv       %x-D»F/ecf/M;A = 0-0054  ^*,  X-0'4ZISl  - 


S/'Beam  Fixed  at  One  £nd  Suppokted  at  OTHEK-CoHCEffTBATEO  Load  at  Ccnter- 


K-i- 


Beam 


ffx-r 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


fnd  Reactions:  Rf^P;  Rt^w^' 

Shear  at  any  point: 

Between P,SP,  Vx''iP;Beh¥«fnP£Ri;  Vx^'^P' 
Max-  Shear;  V'j^R,  occurs  atRjf 

Moment  at  any  point  f 

Beh¥eenRt  XP;Mr'^P;BetmenPdiRt  ;Mx  ^iPZ-IaPx- 
Maj^  Positive  Moment:  M'^  PI, occurs  underload* 
Max*  Negative  Moment: M'*^^Pl,  occurs  at  fixed  end* 

Elastic  Curi/v  JP  Deflections  / 

Between  R,£P;  y^^  (Sxf-32^)' 

Between  fSR^;y''^/''^l^tISZi,''I4Z4fIIxf) 

Max  Deflection ',A«M093Z^^ J X' 0-4472 1- 


STRESSES  IX  BEAMS. 


Ml 


5Z.  dcAM  Ftx^D  AT  Both  Fuds  -  UmneM  Load- 


^^w per unif' Imigfh  ^^ 

M*    Diagram 

Blasts 
Curve 


Shear  afaaypadit:  /i-'/irZ-iwr- 

Max-  Shear;  l^^iwl,  accurs  atsv^pcrfs* 

Mtmeafa^  aaypeAxf:  /f^'f(^i^x-x*)  • 

Max- Jhst trie  Moaieot}fhj^ml^cccvTs  atce^twr^ 
Max-Hegaffve  Mtmenf;  ff'^wl^  0cctfrs  at  svpperh, 
Pimfs  tFCmtrafkxere;x^'O^Z'JS  I;  x^'y^rSSF:^ 

Elastic  Carve  ao^  i>eFiecfians  s 


53  'BsAM  Fix£p  AT  Both  F/iDS-CoNcetrmATi^D  Load  at  Cemtfr* 


Beam 

Shear 
Diagram 

M§menf 
Diagram 

Elastic 
Curve 


End J^eacf ions:  P,»J^»:fP- 

Shear  at  any  poarf:  y^'iP-   Max^  Shear,  V'^^P^ 

Moment  at  any  point: 

Betmen  /^  ^P;  M^  'iP(K-4:l)  • 
BetmeoP&Pi;  t^,  'iPCiZ-x)- 
Max-f^ttveMemeot^M"  ^PLocrurs  at  cenfen 
MaxNegat^  t§oment;M  '^^Pt ,  occurs  at  supports' 
iWats  oF  CmtraFiexeres  j<#-^/  -*'*'"-r  ^ " 

Elastic  Curve  and  DeFJectiens  : 

Betmen  P,  SPiy^  ^fi^t^Z)* 
Between  PdeRi^  Symmetrical* 


S4'BeAM  Fixed  at  Both  Snds-  CoMceMTHATeo  Load  at  amy  PojnT',    , 


«i*-^->i 


Shear 
Diagram 


ShearataeypointiBehmnPiiliV/'PiiBehmen  PSPi^  Kr^ 
MaxShear;Y*P,fvra<hf  y''P,Fora)>h' 

Moment  at  any  point:  ^^*  ^^ 

BegafiveMomeofs  at  Supports;  Mi'^-P'l^i  Mt'^-P'J*' 
BehmnPtJiPi Mx "PjXtMr       \H$tethatMi  carries 

BtfmiaPSli;Mx''Rx,*MrPC(i'^)  ]  a  minus  sign ^ 
M9x/hiii¥eMment:M'/iatMt;  occurs  under  load' 
MaxUegath^ Moments  occur  at  supports i  Seejfhova* 
HMs  oFCoetraFlexaresx0  "^^f  ^i  *  Z- 
Elastic  Curve  and  Be  Flections  t 


3k^ 


Moment 
Diagram 


yms»f^\ 


ffoxBo^;ti/hen  a^h,  ^'j^^^fj  ^^*^rs 


atX 


^JL 


3ki^ 


If  P  Is  A  Movme  Load: 

Ms$hMM93^5hearf;S^,0€curs ot^  when a^ atPt  when  a"  I  - 
AkstMotfoxBtgofiviMmientjti^  ^PZ;  occers  when  a^jZ* 
AkwkkMaxlkfafheMomont^lti^^PZ}  occurs  whon  a  "f- 1  * 
AhM9MaxihsltrvoMmmt}M''fPZ;0ccurs  when  a'^^Z- 
AMuf9MaxDeFlecfiott;A''jj^£l}  occurs  when  a-  ^  • 


Elastic 
Curve 
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55.  tlAXJMUM  Shears  A/ID  MoMEfiTstfi  Simple  B^AMS  FOR  MoyiN6  Cot/cEtfTRATEO  Loads. 

Criterion  For  Maximum  Shear, 

T/fe  maximum  shear  due  to  moving  concenirated /oack  will  occur  3t  one  support  wifen  one 
oftife  loads  isat  that  support  and  ivill equal  the  total  reaction.  The  load  giving  the  maximum 
must  be  determined  by  trial. 

Criterion  For  Maximum  Moment, 

The  maximum  moment  due  to  mo  vinq  concentrated  hads  will  occur  under  one  oFthe 
loads  when  that  load  is  asFar  From  one  end  as  the  center  oFgravityoFall the  hads  on  the 
beam  is  From  the  other  end.  Theloadgivinq  the  greatest  maxmum  must  be  Found  by  trial. 

For  beams  Fixed  at  one  or  both  ends  and  carrying  one  load,  see  49and54,lnthis  chapter. 


a.OMELOAD. 


^^ 


(a 


^^/ 


Max.5hear,    /'O;       V-P;         atR,. 
liax.Moment,  /'jl     M'^Fl;     at  P. 


b.  T^oFquAL  Loads. 


--x 


Pl^ 


Si a 


9ft 


/iax.Shear,/-0:      V'P*pi^:  atR, 

Max.Moment,  /-ki-^hM-PdJJsatl. 

'     ^  22 

IFa'n  greater  than  0,586  Ijone  had  gives  max.  fUuia, 


cThree Equal  Loads, tqaAUYSPACED. 


^£ 


(h     (p)     Q) 


IX 


\z 


I 


^Rz 


cl.FouF  Equal  Loaos^Equally  Spaced. 


liax.5hear,      X-aj     V'3Pi^ ;  atR^ . 

MaxJIoment,     /'h;  M'P(h'a);at2. 
IFais  greater  than  0.4501  jtwo  hads  qi¥emx.t1asinb. 


MaxShean  X'aj     V'4pi^;    atR. 

t1ax,Mement,X'kl'U)s  M'Pft'Bai^Ji  at  2. 
IFaisqreater  thanO?68l,threehadsqnfemaxI1aimc. 


e.  TwoUiiEQUAL  Loads. 


-^-^ 


/?4        X  \ 


F.  TtVOEQUALLOADSAIiOOntSriALlERLDAD^ 

a  ^  ,j 


R^ 


X  / 


\2 


^>^/ 


Max.Shear,  X'O;  V'^Ptf}- ^;  atR, . 


t1aK.I1otnfnt,X*^ 


M'fF^jjUiP' 


liax.momentmayoccurForoneloadas  in  a. 


/iax.momtntmay  occur  fortmeegoatlnchaiin^ 


STRESSES  IN  CONTINUOUS  BEAMS. 
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56.  CotfTi/iuous  Beams,  UmFORM Loads,  ConsTAtiTiiOMttiTOFlfitRT/A  AffO^toauiusorfiAST/c/rr. 


5hear, 


I^IlK, 


fe^^^^i^» 


\y»'  \/,  n'wC  in 


C\ 


Length,  L  ^'-  J*    h  ^ 

Support,  I  Z           3 

Reaction,  R,  Rt 

Ho/nef?t,t1i  Ml 


n 


n^span      \      (nH)^5j>9n      J 
ii^. ! L.^w. J 


I 

I 


nfl 

nnti 
tInH 


I 

I 

A5r 


n^l 

Linn 


Relation  between  momenb  at  supports  for  tt)ent^ancL(rf^Lj  ^ spans. 


Shear  to r/gLft  oFn(^ support, 

IE  ^o*-it  9 
Sheartorigtft  offn^J^sapport, 

^*'      5 ^9  'V/f/^iftt  / 


IffH 


(b) 


(d) 


(c) 


re) 


Shearat  any  point  in  n  ^sparf. 

Point  ofmax,positnremomenthn^  Span, 


(h) 


Shear  to  LeFt  of  fnn)^ support j 

w     — T 2    "  -^  ' 

Reaction  at  fn^ij^ support. 

Moment  at  any  point  in  nL^span, 

Mji-M„^l(,x-^ni,x^;  (q) 

Maxim  urn  positive  moment  in  n^ span, 

t1*Mf,t^  s  (i) 

tXPLAffATlOftOF  FORMULAS;  n'numt>er of  first  span  considered  or  its  left  support. 

Given  a  continuous  deamof several  spans  uniformly  loaded fforspanswitif  no  had wO), 
Appfy  formula(a)  to  l^and 2^ spans  at  the  left  end  making  n^l.  Jhreeunknown  moments 
appear,  Mf,Mf,  andMj,  If  beam  is  simpfy  supporteclat  left  end  Mg  *0.  Ifext  apply formulaia)  to  B^ 
and 3^ spans  making  n-P.  Again  there  will  be  three  unknowns  Mg,  M,  andMg.  Continue  until 
last  two  spans  have  been  consideredfnever  consider  last  spanahne).  Irbeam  is  simply  supported 
atrightend,theMhrthatsupport'0»  There  are  nowas  many  equations  as  there  are  unknowns 
so  by  solving,  the  moments  at  all  of  the  supports  may  be  found.  If  the  beam  is  symmetrical 
as  to  hading  and  dimensions,  the  calculatAnsmay  be  shortened  by  eguat/hg  moments  which 
areknown,tymspecthnJtobe  equal  Knowing  the  moments  at  the  supports;  the  shear  atanypoint, 
thereacthns,and  the  moment  at  any  point  may  be  calculated.  fR,'il/arHfR  forlastsapport 
equals¥''fbr last  span).  For  fixed  ends  imagine  the  beam  toextend  one  span  beyond  the  fixed 
endandapplythef6rnwlas,as  above,  equating  the  length  and  load  of  the  imaginary  spanto 
zero  and  the  moment  atthe  extreme  endoftheimaginary  span  to  zero.Careshouldbetaken 
that  shears  and  moments  are  used  with  their  proper  sign. 


SPFC/Al  CASES; 

for  a  beam  of  equal  spans  with  equal  uniform  loads,  formulata)  reduces  tO" 

^o^'^M„^i'M„^i''^w!'j  (See  also  SZ  of  this  chapter.) 


(II 


fcrabeamof  two unequalspans  with  unequal uniformloadsandsimply supported 
attheends,  M,'0,Mj'0  and  from  formula  (a) 


S7.  MmeflTSAT  SUPPOfiTS:  COflTlflUQUS Be4f15,  £$(i4l5P4ftSAm£imL  UiirORM LOADS. 


1. 

A 
0 

"a 

0 

4 

0 

f 
1 

-a 

0 

? 

0 

-i 

1 

-io 

0 

'■  f 

0 

4 

.1 

18 

-k 

0 

< 

S. 

0 

-i 

4 

-I 

4 

0 

6. 

0 

-i> 

-& 

-i 

-1 

II 

0 

7.    0  -E  -Jl  .11  ^11  -^  JI  0.   7. 

/4l  141  l4t  142  !42  141 

COernCllNTSOF  wl^ithfrfUf'/eadpenmitlfngihand  I'lfrt^fhoFonespan.  ^  and  J  constant. 
tiaximt/Tt  positivt  moment m  snyspan  can  be  ca/cofaUdfrom  formuto  56  i. 


58.  5neARSAT5uPP0PTS:C0fiTinU0US BEAMS,  EQUAL  SPAnSAriDtQUALUlllFORM LOADS. 

£ a 


'  F 


S  J.S 


4.0 


— a 


'8         28'  28         28  28         28'  28        28' 
'JS'JS 


0  ^.^     41 .  SI 
m'  104      104'  104 


7   /?*£*         ?° +"        °1    'Jl         <£.     iL        li 
'142       'm'Si      ~I42' 142       '142' 142      ~J4l 

COeFFIClEirS  OF  wl,  where  »•  load  per  enit  lenqth  andbleoqth  of  spin.    E  and  I  constant. 
Reactions  at  supports  eijual algebraic  difference  of  shears  to  right  and /eft . 
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SP.  C0fiTlfiU0U5Bi4M5,  COfKeMTRAT£D  L0AP5,  CONSJANJ  MomffT  Of /fttRTIA  AND  ll0OUlU5OrtLA5TICirY, 


Sheer, 
Load, 


Cj 


'T)^ 


5pdn, 

length,    i. 

Support,  / 
/Reaction,  /f, 
tloment,  /if 


l<.v.- 


•  r— 


■3 

J* *''^ntn    •       1      «/»*/«/>#/       • 

(n^f}^5f)an 


l-r^A 


r^ 


...A.j...y/.j 


-» »H-  - 


'>«' 

/ 
« 

Mt 


— -1 
n 


I 


ntt 


••---■^-■--l'" 


"It 
tin 


I 


t1n4f 


'f^x 


Reldtm  between  moments  at  supports  Fom^  dpd (r)^i)^  spans. 


(b) 


Shear  to  the  right  of  ntt  support. 
Shear  to  right  of(h*l)^ support, 

Shear  at  any  point  in  /ftlispanf 

^jf^i^'/^j  where  fr^  equals       (f) 
the  sum  of  the  loads  beltveer? 
n^  support  arfd point  considered. 

Point  of  max.  posit/ye  moment  in  n^span, 
Themdx.po5itive  moment  occurs 
trhere  shedr,as  calculated From(F) 
passes  through  zero.  This  point  k 
a/ifaysatoneoFthelodds.  (h) 

fXPLAnAT/On  OF  FORMULAS:  (See  under  56.) 


(CJ 


(ej 


Shear  to  left  oF(n*l)^  support, 

Reactionet(n*i)^  support, 

/^mrC-C  (Mote  Rr¥/) 

Moment  at  any  point  in  n^span, 

M,;i:)n'^ni^-iff'Jx'f^nUlwlf^re  (g) 
/f^fx'kjjegudls  the  sum  of  the 
moments  of  the  loads,  beti^een 
the  n</i  support  and  the  point  con- 
sidered, about  the  point 

Maximum  positive  moment  in  the  n  ttfspan, 
Atter  thepointofmsx  positive 
'  moment  has  be  located <93  de  scribed 
in(h)  the  value  of x  thus  determined 
is  substituted irtCg)  and iixdetermined. 


Special  Cas£, 

ForabeamoftiYoanegualspans  with  unegoai  concentrated  hads  and witi?  ends 
simply  supported,  Mf^OfMf'O  and  for mula  (a)  reduces  to- 

M.,^  £[fiJf(l<rk,^hi[P,imr5kl,kl)] 


Bllffh) 


(/I 


60.CommoysB6AM50rTwOAmTHR£[F(^AL5PAll$:Unifbrmload,vv,permtlengthorloadlfm 

Moment,       0,        -1/16,         0,        0,       -I/IS,      tl/60,       0,        0,         -0,     fp40,        0, 
ieaction,     ^7/16,      ^S/S,     H/I6,    1^13/50,  ^IJ^I^,     -l/lO,     i-l/BO,  f4/IO,   f29/40,    -50,    ^1/40, 

^^ - t^kkV^^VC^MI \P 

E.  A  h  A  A  A  A  2  Zs  2S 

Moment,      0,       '3/5i,       0,       0,        -l/iO,    -1/20,       0,        0,        -3/40,     -3/411, 


fi  a  75  A  A  a  2S  a 

0.        '1/20,     '1/20,       0,        0,        '3/40,     -3/411,      0, 
Reaction,  i-li/32,  -^11/16,    '3/32,  -10,     tll0.    ^11/20,    -1/20,   -3/40,  ^2V40,    ^23/40,  '^^f 

Coeffjcients  oF¥v2^andPliFormomentsatsupports,andoFi¥landfiFor  reactions  at  supports. 
3yadditionoFproperca9esanybeammaybesolved.Forshearsandmomentsbetrveen5upportsseeS6iS9. 
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GeneRAL  Formulas. 


far  F3-l6p00/t'm,i>-S. 


61.  RlCT»muitR8f4m:llemferctd 
Fer  Untitn  only. 


l%-F^Ajd--F^jbd's  liA^kjbd^: 


WiAjd^F,pjbd^ 

*  Ajd  pjbd 

F'lH.  -     If  F.    IPF 


Shtlnthiod  dfpt/t,  iu/tKedrtiFtrrtmaf, 


ft-'O.m; 
j=0.8m; 

F^'IBOOS; 
F,  '650: 


Stfelratiaanddtptl), 

b^iKielniitforetmKt, 

''■"■'"'■■''Mri,- 


615LAB5:  M/ei  fbrK'strip. 
KeinForced Foritosiononfy, 


l1,'FsAjd'/ZFfP/d';_  HcfS&Jd^: 

F-£l-Jt-  ■ 
"  Ajd  llpjd^' 

F-JH—  '-t—e-^PF. 
Sittlnfhtndd^th,  bilatictdnytraaM, 


k=0.3T$; 
1=0.8157; 
M,  =n90d'; 
tic  'tis  ; 

Fg  ^moo: 

F^'SSQ; 
Steel raHe,  depilna^siitl 
srea,  baliXfdreitAfimml 

p  =0.0077      : 

d=O.0iBp1 ; 


63.  T-BlAM5:Ned^iinqi:oBipm>m 
kl¥fb.  Fcrtgn^irthvi  kd,  ineSI. 


rft 


If/ 


ifD'      I 


ei,'F,Ajd=F,pjbd';l%-.[l^F,tjl,d: 

f.=Jl-JL  -F'  *  F  ■ 
'  Ajd  pjbd"  ''(l'k}fi" 
Sletlrsth,  iaUiKtd reijFerremeitt, 


hii'-m] 


J     MOMd-t 
Mi'ltOOOpJbd' 

5teel ratio,  bateDtfdrrii^ 


r^Zi 


k=tpfpfR'*l(p*p'rjn^tp-)nrj^; 

^  (l-kjpn 

l1s=F,4jd=F^pJM^;  Mc'^nFcAjd, 

f..Jl:Jl^  ■  F.'=tr.f,  -  F.=-^Ft  ■ 
'A/dpjbd"  '  hk  "    '  (l-k}n" 

5tetlrj(ie,  btltnced remForcemtni, 


64.  RFCr4n6llLAI!8CSM5:l^'iiFmtd 
Forfe/aia/}  ifldcempresiim. 

rd'd':     :    4  ■ 


/.  M4lt*i^-rKhjp' 

^\oomtim'r)p* 

Mf  usegnttr^Formak 

F,-l660U-^0-mr: 
Fc  '650; 

3teelF»tie.  baltnced 
relnForcemtnt, 
p^OMM-UBUrytUmi, 
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65  5HtAR,BonD AtiOW^BR^iMFORCeMtfiT. 

In  the  FoHowinf  formulas jd  refers 
to  arm  oFres/'stina  couple  at  section  tn 
question,  and  fo,to  tension  5arsat  section. 
5hearmConcrete5(  Bond  Stress  inTen5}k5teel, 

Rectangular  Beams,  r^X^  •A  ^  • 
(smgkordooblereioforced)  '  ^'  ""Z^' 

T'Beams,               ^'^'^V^ 

Stirrups,  Allrectanqu/ar  beams  and  T-beams, 

Vertical  stirrups,  P-%;  S'^ 

ja           V 

Stirrups  inclined  45 f  (not  bent  up  barsj 

P'Total  stress  if?one  stirrup.  H- amount  of 
shear  not  carried  by  concrete. 

For  approximate  results  j-j  in  formuias. 

66.  COLUMN5:lhti)ofiengthfokastwuitli<iZ 

Axialload for  gifeo  mistress, 

P=fc  K  i-nA,)  =fcJlf/*fn-i)pJ , 
Unit  stress  for  given  axial  load, 

^^- 4i^(n-i;p] '  ^'-"^'r 

67.  WOlfKllie  5TPti5e5f0ll5TATICl0ADS(4.S.C.f.) 

Ultimate  Strengths  for  yariousii/xtures, 

in  Pounds  per  square  inch 
Aggregate                1.2  4  iZf:5  1:3:6 
Granite                               2200    1800    1400 
6ra¥el,llardlimnl»ntxuiid)ft«e  2000    1600    1300 
SoftLimestoneorSindiUne        1500    1200    1000 
i¥orking5tress,percent  ofOltimate  Strength; 
Sedring32.5;Ajii3lCon^.£f.5;Comp.fiber5trtss}F^; 
5hear:hogitodi»albh»niy,2.0;lirtcfb'rsbentvp}.0; 
5hear:thornighirebreinf6.0;B9nd,brs4.0,»'ireZ.O. 

68.  Safe  Loads  OMifei/iFORCFDConcR£T£  Slabs:  fs^i6000,^^6S0,n^l5,  M=^iv2^.              \ 

Span  in  feet  For  Safe  Live  Lbed 
in  Pounds  per  Square  foot  of  Slab. 
fi=jg  wl^  (fortl"^  iv7' multiply  span  lengths  byO.894) 

JO 
Lb. 

50 
Lb. 

75 
Lb. 

100 
Lb 

125 
Lb. 

150 
Lb 

200 
Lb 

250 
Lb. 

300 
Lb 

350 
Lb 

400 
Lb. 

In. 

In. 

5q.ln. 

Ld. 

3 

3/ 

4 

% 
6 

iff 

/ 
/ 
/ 
/ 

/i 

0.208 
0.254 
0.277 
0J23 
0.169 
0416 
0Ji9 

38 
44 
SO 
56 
63 
69 
75 

8.4 
9.6 
104 
11.7 
12.9 
III 
I4S 

7.9 
9.3 
9.0 
11.2 
123 
15.5 

n.9 

7.0 
8.3 
8.8 
10.0 
11.2 
P.i 
12.7 

6.3 
7.5 
8.0 
9.2 
10.3 
11.3 
11.8 

5S 
6.9 
7.4 
8.5 
9.6 
lOjb 
II.O 

5.4 
6.5 
7.0 
80 
9.0 
10.0 
10.4 

4£ 
5.8 
6.2 
7.2 

8.1 
9.0 
9.4 

43 
53 
57 
66 
7.4 
83 
8.6 

4.0 
4.9 
53 
6.1 
6.9 
7.7 
80 

37 
43 
43 
5.7 
63 
7.2 
73 

33 
43 
4.7 
54 
6.1 
6.8 
7.1 

69.  SAFcLoAi^sonREinFORceD CotfCRETE  Slabs: Fs=i6000,  fc-bSO, n^lS,    /^«/^  W           | 

•> 
5  • 

II 

It 

Span  in  feet  for  Safe  Live  load 
in  Pounds  per  Square  foot  of  Slab. 
M'^»v2UforM'gi»2^multv>lyspan lengths  by  0.817) 

40 
lb. 

50 
Lb. 

75 
Lb. 

100 
Lb 

125 
Lb. 

150 
Lb 

200 
lb. 

250 
Lb 

500 
Lb. 

3S0 
lb 

400 
Lb 

In 

In. 

5q.ln. 

Lb. 

3 

H 
4 

4 

5 

Si 
6 

/ 

/ 
/ 

0.208 
0254 
0.277 
0.323 
0369 
0.416 
0.439 

38 
44 
50 
56 
63 
69 
75 

9.2 

m 

11.4 
123 
142 
15.5 
IS.9 

8.6 
10.2 
10.8 
12.2 
13.5 
14J8 
15.3 

7.6 
9J 
9.6 
II.O 
12.2 
13.5 
119 

6.9 

8.2 
8.8 
10.7 
11.3 
12.4 
12.9 

64 
7.6 
8.2 
9.3 
10.5 
H.6 

5.9 
7.1 
7.6 
88 
9.9 
109 
<ltJ 

• 

5Z 
6.3 
6.8 
7.9 
8.9 
9.9 
103 

48 
5.8 
62 
7.2 
81 
9 J 
9.5 

44 
53 
5.8 
6.7 
7.5 
84 
8.8 

4.1 
5.0 
54 
6.2 
7.1 
7.9 
83 

3.9 
4.7 
5.1 
5.9 
6.7 
73 
7.8 
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Area 
A 

Distance  from  Axis 

tihtrimtfilKr; 

yandy, 

Moment  of 
Inertia 

I 

Section  Modulus 

lUiosifMio) 

a^ 

Yi 

a' 

a> 

6 

^■M89a 

- 

a 

r 

a' 

V-a 

a' 
5 

a> 

T 

^osna 

.^.  a-- 

y 

—a-.- 

a'-a! 

r\ 

a'-ar 
12 

a'-af 
6a 

t-¥ 

ie 

- 

-^i 

a' 

y.a  .0,7078 

a' 
IZ 

^^0.,18a- 

,a,=0.289a 

- 

b-d 

v=f 

b-d' 
12 

bd' 

6 

|=0,»a 

Y 

bd 

y.d 

bd' 

M" 

4=  0.57Td 

1  ■ 

bd-b,cl, 

V=f 

bd'-lfd,' 
12 

b-d'-b,d; 
6d 

t... 

S 

X- 

,(b.d'-b;d; 

V|Elb-d-M,l 

-% 

bd 

-v^ 

b'd' 

elbUl 

eVffid' 

bd 
V6lb',d'l 

^^ 

bd 

dcosotbsiiKC 

M[dW„«.] 

bd  fobbWt 
6   dfow^b'Sina 

J 

1^ 

% 

di»'B«. 

»       12 
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Section 


Area 
A 


Distance  froinAxb 
toExtremcTibers 

yandy, 


Moment  oF 

.  Inertia 
I 


Section  Modulus 

5-y 


KadiusoflMation 

4 


b-d 
I 


r*—-\) H' 


36 


b:d^ 
24' 


b-d 

e 


>d 


b-d* 
12 


4=.408d 
V6 


b±b,, 
I 


Y= 


.b,ttb  d 


b.+b  5 


bV4bb,+ 


y*'  b+b,  3 


36[b+b, 


''t.d* 


bV4bb.ttf  A 
KlZb+b.) 


^WMl 


4 


^V.049d' 


64 


32 


=.098d' 


d. 
4 


TTtd'-dfl 

4     " 
.185(d'-d!] 


y=Y 


TTld^-dfl 

64 
'.049[d-d^ 


Tl[d*-dtl 

32  d 
.098[did:|fd 


4 


I^=.393d' 


OTT 

y.=|=.212d 


9n'-64H4 

1152TT 

"=.OOTd* 


9iT^-64   y. 
I92l5ir4l 

=.024d' 


V9n^4 


I2n 
'.152d 


•d 


Ttbd. 


=.785bd 


r\ 


!^V049b-d* 
64 


32 


.098b.d' 


d. 

4. 


Tibd. 


J85bd 


rj 


64 


.049d-b' 


^=.096d-b' 

01 


b 
4 
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Section 


Area 
A 


Dbtancesb 
ExtremeFibeR 

y  and  y, 


Moment  of 
Inertia 


Section  Modulu5 

y 


Radius  of  Gyration 

4" 


|d-tan30' 
=.866  d' 


A 
]l 


d^ltg-co5'3Q') 


4co5'50' 
.=.06d* 


A 
6 


dIMcoM) 


4co5^  50' 
.=.12  d* 


a 


l+Zco£50* 
5cos^50' 

=  .Z6Ad 


|d-tan30' 
=.866d^ 


^   2co530 
=  .577d 


A 


d'dtZ-cos^SO') 


4-cos'50" 
\=.06d*' 


d(U2co9ZB0') 


6L  4coj30' 
-.lOid* 


4  II  Scos^JO* 
i=.264d 


i» 


2d'kan2?i 
=.828d^ 


y4 


Afd^lMco^Ki') 
lZ[4cos^£2f 

=.055d* 


d{\daann') 


=.109d* 


ip^i" 


d,l+2co5lfZL 
4 II  icosnii 

=.257d 


id 


t: 


•"T 
Y 

I..4. 


bd-h(b-t) 


y-i 


b-d'-hU-b) 
12 


b-dVh^(b-t) 
6d 


'b-d'-h'(b-h) 
'lelb-d-hlb-t)] 


»-b 


">* 


< •  I • 


m 


Jl 


Y 

.X 


b<J-h(b-t) 


y4 


2s-bVh^' 
12 


5    I   .J 


2sb4-h-t' 
6b 


fl2lbd-h(b-t)l 


Th 

*  Mb** 


M-h(b-t) 


y 
.1. 


'    2 


bd-h'(b-t) 
12 


bd-h'(b-t:) 
6d 


b-d-hMb-U 
fl2lbd-h(b-l)l 


5K— h— H5J« 


b-d-h(b-t) 


y 


r*-d*-H 


"bd-h(b-t) 
Y,=  b-y 


2b-5+h-t  A..Z 


3 


-Ay, 


I. 

y 


f. 


t-d+5(b-t) 


i}   ) 


y=i 


td+5(b-t) 
12 


bdVsVt) 
6d 


tdVs^b-b) 
(12Ud+5lb-t)) 
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Section 


Area 
A 


Distances  From  Axis 
to  Extreme  Fibers 

yandy, 


Moment  of  Inertia 
I 


3ecflo(iulus 
^  Y 


Kadius  of 
Gyration 


d    h 


1. 


..i: 


Xi 


—11 


bs+ht 


Yr 


_dW(b-h) 


tvVbY.^-(b-t)(v.-5)^ 
3 


1 
Y 


f 


b5t|(ttl3 


Yr 


3b^5th(dt5)th(trl)(lH35) 
6A 

y=d-y, 


4b5Vh*(5t+l.)  A,..  -x2 


II 


-Aly-5)' 


I 
Y 


:  "-Tl  r— 'y. 

I  • 

d         h 


1... 


£ 


b5+ht+b,5, 


M 


n.J 


--b|-*' 


'■•  2A 

y=  d-y 


b.YtbYMb,-iy-sAb-eV.-J 
^~l 


I 

y 


A 


».b— — 


T'l ' 1'' 


^Ht 


X.. 


H^, 


*\ 


i*---'bt*' 


..I 


b5+9ib+b,5, 


Jtd+Mtlvfb-Zttd-s]; 


y= 


2A 
y  =  d-y 


b,rbYMb,-?t|y-A-?^^.-sl' 


i 
Y 


d-    ••t-b- 


=  hljL      y 

♦  •  *     I  • 


tdt?i;{s+n') 


Y=f 


^[bd>-l(hM')] 


i.x  l' 


121- -    /Iq 


i 
Y 


q=5lopeof  nanqe=(n-5>i-b=(ti-lh(b-U=  %  for  standard  salions 


\l 


•'nf*"l"*'n- 


'/     11 


y 
.1 


td+?b(5+n) 


i[b'(d-h)+uVi(b*-t*)] 


1 
y 


q=5lopf  of  flan(ie= (n-sV-b'=(h-l)-lb-t)  =  ^for  sUndard  seclions 


T 


I 


it 


d  i>.b'*t 


^y 


td+bW) 


g=  ilopeof  (laiiqf'(n'-!iHb'=(h-lH(b-t)'  !^  for  standard  actions 


y 


J. 


Ml 


td+b'(5+n') 


y,=[b'5+|+3(b-l)\btrt)]^A 
y=b-Y, 

g=  slope  of  flanqe=(n'-s)Tb=(h-l)^t(b-t)''/6for5tandard5tc. 


I[?5b\uV|(b*-tTAYf 


1 
y 


f 
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STRESSES  IN  FRAMED  STRUCTURES. 

Loads. — ^The  stresses  in  roof  trusses  are  due  to  (i)  the  dead  load,  (3)  the  snow  load,  (3)  the 
wind  load,  and  (4)  concentrated  and  moving  loads.  Data  for  dead  loads,  snow  loads,  wind 
loads,  crane  loads  and  other  loads  to  be  carried  on  trusses  are  given  in  Chapter  I  to  Chapter  IV, 
inclusive.  The  loads  on  roof  trusses  are  commonly  given  as  a  certain  number  of  lb.  per  sq.  ft. 
of  horizontal  projection  of  the  roof.  The  loads  are  assumed  to  be  transferred  to  the  truss  by 
means  of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the  purlin  reactions. 

Methods  of  Calculation. — ^The  determination  of  the  reactions  of  simple  framed  structures 
usually  requires  the  use  of  the  three  fundamental  equations  of  equilibrium 

Z  horizontal  components  of  forces        *■  o  (a) 

Z  vertical  components  of  forces  «» o  (b) 

X  moments  of  forces  about  any  point  =  o  (c) 

Having  completely  determined  the  external  forces,  the  internal  stresses  may  be  obtained 

by  either  equations  (a)  and  (b)  (resolution),  or  equation  (c)  (moments).     These  equations  may 

be  solved  by  graphics  or  by  algebra.     There  are,  therefore,  four  methods  of  calculating  stresses: 

„      ,  ^.        f «  f  Graphic  Method 

Resolution  of  Forces  ■<    ai   %_    •    **    u  j 

I,  Algebraic  Method 

, .  ^     r  t?  f  Graphic  Method 

Moments  of  Forces  ■<    .,    ^     •    i.»    .     . 

L  Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  The  method  of  calculating  the  stresses  in  roof  trusses  by  means  of  graphic  resolution 
will  be  explained  in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other  framed 
structures  by  algebraic  resolution  and  by  algebraic  and  graphic  moments  the  reader  is  referred 
to  the  author's  "  The  E>esign  of  Steel  Mill  Buildings." 

Graphic  Resolution. — In  Fig.  i  the  reactions  Ri  and  Rt  are  found  by  means  of  the  force  and 
equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then  applied 
to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  Lq,  the  forces  are  shown  in  (c), 
and  the  force  triangle  in  (d).  The  reaction  Ri  is  known  and  acts  up,  the  upper  chord  stress  i-x 
acts  downward  to  the  left,  and  the  lower  chord  stress  i-y  acts  to  the  right,  closing  the  polygon. 
Stress  i-x  is  compression  and  stress  i-y  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
members  in  (c).  The  force  polygon  at  joint  Ui  is  then  constructed  as  in  (/).  Stress  i-jc  acting 
toward  joint  Ui  and  load  Pi  acting  downward  are  known,  and  stresses  1-2  and  2-x  are  found  by 
completing  the  polygon.  Stresses  2-x  and  1-2  are  compression.  The  force  polygons  at  joints 
Li  and  U2  are  constructed,  in  the  order  given,  in  the  same  manner.  The  known  forces  at  any 
joint  arc  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unknown  forces 
are  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are  the  same  as  in  the  left,  and 
the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons  for 
all  the  joints  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k)*  Compression  in  the 
stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines  and  toward 
the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  the 
stress  lines  and  away  from  the  joints,  respectively  The  first  time  a  stress  is  used  a  single  arrow, 
and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction.  The  stress 
diagram  in  (k)  Fig.  I  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram,  ♦.  e.,  areas 
in  the  truss  diagram  become  points  in  the  stress  diagram.  The  notation  used  is  known  as  Bow*s 
notation.  The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 

STRESSES  IN  ROOF  TRUSSES. — ^The  methods  of  calculating  dead  load,  snow  load,  and 
wind  load  stresses  in  roof  trusses  by  graphic  resolution  will  be  briefly  described. 
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Dead  Load  Stresses. — The  dead  load  is  made  up  of  the  weight  of  the  truss  and  the  roof 
covering,  and  is  usually  considered  as  applied  at  the  panel  points  of  the  upper  chords  in  computing 
stresses  in  roof  trusses.  If  the  purlins  do  not  come  at  the  panel  points,  the  upper  chord  will  have 
to  be  designed  for  direct  stress  and  stress  due  to  flexure. 

The  stress  in  a  Fink  truss  due  to  dead  loads  is  calculated  by  graphic  resolution  in  (a)  Fig.  2. 

The  loads  are  laid  off,  the  reactions  found,  and  the  stresses  calculated  beginning  at  joint  Z^ 
as  explained  in  Fig.  i.  The  stress  diagram  for  the  right  half  of  the  truss  need  not  be  drawn 
where  the  truss  and  loads  are  symmetrical  as  in  (a)  Fig.  2 ;  however,  it  gives  a  check  on  the  accuracy 
of  the  work  and  is  well  worth  the  extra  time  required.  The  loads  Pi  on  the  abutments  have  no 
effect  on  the  stresses  in  the  truss,  and  may  be  omitted  in  this  solution. 

In  calculating  the  stresses  at  joint  Pt»  the  stresses  in  the  members  3-4,  4-5  and  *-5  are 
unknown,  and  the  solution  appears  to  be  indeterminate.  The  solution  is  easily  made  by  cutting 
out  members  4-5  and  5-6,  and  replacing  them  with  the  dotted  member  shown.  The  stresses  in 
the  members  in  the  modified  truss  are  now  obtained  up  to  and  including  stresses  6-x  and  6-7. 
Since  the  stresses  6-x  and  6-7  are  independent  of  the  form  of  the  framework  to  the  left,  as  can 
easily  be  seen  by  cutting  a  section  through  the  members  6-x,  6-7  and  7-y,  the  solution  can  be 
carried  back  and  the  apparent  ambiguity  removed.  The  ambiguity  can  also  be  removed  by  cal- 
culating the  stress  in  y-y  by  algebraic  moments  and  substituting  it  in  the  stress  diagram.  It  will 
be  noted  that  all  top  chord  members  are  in  compression  and  all  bottom  chord  members  are  in 
tension. 

Snow  Load  Stresses. — Large  snow  storms  nearly  always  occur  in  still  weather,  and  the 
maximum  snow  load  will  therefore  be  a  uniformly  distributed  load.  A  heavy  wind  may  follow  a 
sleet  storm  and  a  snow  load  equal  to  the  minimum  given  in  §  19,  "  Specifications  for  Steel  Frame 
Buildings,''  Chapter  I,  should  be  considered  as  acting  at  the  same  time  as  the  wind  load.  The 
stresses  due  to  snow  load  are  found  in  the  same  manner  as  the  dead  load  stresses. 

Wind  Load  Stresses. — The  stresses  in  trusses  due  to  wind  load  will  depend  upon  the  direction 
and  intensity  of  the  wind,  and  the  condition  of  the  end  supports.  The  wind  is  commonly  con- 
sidered as  acting  horizontally,  and  the  normal  component,  as  determined  by  one  of  the  formulas 
in  §  20,  "  Specifications  for  Steel  Frame  Buildings,*'  Chapter  I,  is  taken. 

The  ends  of  the  truss  may  (i)  be  rigidly  fixed  to  the  abutment  walls,  (2)  be  equally  free  to 
move,  or  (3)  may  have  one  end  fixed  and  the  other  end  on  rollers.  When  both  ends  of  the  truss 
are  rigidly  fixed  to  the  abutment  walls  (i)  the  reactions  are  parallel  to  each  other  and  to  the 
resultant  of  the  external  loads;  where  both  ends  of  the  truss  are  equally  free  to  move  (2)  the 
horizontal  components  of  the  reactions  are  equal;  and  where  one  end  is  fixed  and  the  other  end 
is  on  frictionless  rollers  (3)  the  reaction  at  the  roller  end  will  always  be  vertical.  Either  case  (i) 
or  case  (3)  is  commonly  assumed  in  calculating  wind  load  stresses  in  trusses.  Case  (2)  is  the  con- 
dition in  a  portal  or  a  framed  bent.  The  vertical  components  of  the  reactions  are  independent  of 
the  condition  of  the  ends. 

Wind  Load  Stresses :  No  Rollers. — ^The  stresses  due  to  a  normal  wind  load,  in  a  Fink  truss 
with  both  ends  fixed  to  rigid  walls,  are  calculated  by  graphic  resolution  in  (b)  Fig.  2.  The  reac- 
tions are  parallel  and  their  sum  equals  the  sum  of  the  external  loads;  they  are  found  by  means  of 
force  and  equilibrium  polygons.  To  calculate  the  reactions,  lay  off  the  loads  Pi,  Pi,  Pt,  P4.  Pbi 
as  shown,  and  select  the  pole  O  at  any  convenient  point.  Then  at  a  point  on  line  of  action  of  Pi 
in  the  truss  diagram,  draw  strings  parallel  to  the  rays  drawn  through  the  ends  of  Pi  in  the  force 
polygon.  The  string  drawn  parallel  to  the  ray  common  to  forces  Pi  and  Pt  in  the  force  polygon 
will  cut  the  force  Pt  in  the  truss  diagram.  Through  this  point  draw  a  string  parallel  to  the  ray 
common  to  forces  Pj  and  P,  in  the  force  polygon,  and  so  on  until  the  strings  drawn  parallel  to 
the  outside  rays  meet  on  the  resultant  of  all  the  loads.  The  closing  line  of  the  force  polygon 
connects  the  two  points  on  the  reactions.  Through  point  O  in  the  force  polygon  draw  line  0-Y 
parallel  to  the  closing  line  in  the  equilibrium  polygon,  Ri  and  Rt  are  the  reacrions,  as  shown. 

The  stress  diagram  is  constructed  in  the  same  manner  as  that  for  dead  loads.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 
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Pt  k  removed  by  means  of  the  dotted  member,  u  in  the  case  of  the 
It  will  be  seea  that  there  are  no  stresses  in  the  dotted  web  members 
e  truss.  It  is  necessary  to  carry  the  solution  entirely  through  the 
reaction  and  checking  up  at  the  right  reaction.  It  will  be  seen  tbat 
n  the  stresses  in  the  truss  in  this  case,  the  left  reaction  being  simply 
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Fig.  I. 

Udlera. — Trusses  longer  than  70  ft.  are  usually  fixed  at  one  end,  and 
le  other  end.  The  reaction  at  the  roller  end  is  then  vertical — the  hori- 
temal  wind  force  being  all  taken  by  the  fixed  end.  The  wind  may 
russ,  giving  rise  to  two  conditions:  (i)  rollers  leeward  and  (3)  rollers 
separate  solution. 

wind  load  stresses  in  a  triangular  Pratt  truss  with  rollers  under  tbe 
)y  graphic  resolution  in  (c)  Fig.  a. 

,  3  were  firet  determined  by  means  of  force  and  equilibrium  polygons, 
were  parallel  to  each  other  and  to  the  resultant  of  the  external  loads, 
le  roller  end  is  vertical  and  the  horizontal  component  at  the  fixed  end 
nponent  of  the  external  wind  forces,  the  true  reactions  were  obtained 

X  in  equilibrium  under  the  action  of  the  three  extental  forces,  Ri,  Rt 
I  hods,  the  three  externa!  forces  must  meet  in  a  point  if  produced, 
determining  the  reactions,  where  the  direction  and  line  of  action  of 
if  action  of  the  other  are  known,  providing  the  point  of  intersection 
:hin  the  limits  of  the  drawji^  board- 
constructed  in  the  same  way  as  the  stress  diagram  for  dead  loads. 
F,  has  no  effecl:  on  the  stresses  in  the  truss  in  this  case.  Heavy  lines 
odicate  compression,  and  light  lines  indicate  tension. 
!  wind  load  stresses  in  the  same  triangular  Pratt  truss  as  shown  in 
'  the  windward  side  of  the  truss  are  calculated  by  graphic  resolution 

:  determined  directly  by  means  of  force  and  equilibrium  polygons. 
1  Ri  is  known  to  be  vertical,  but  the  direction  of  the  reaction  Rt  is 
lint  in  its  line  of  action  being  the  right  abutment.  The  equilibrium 
rough  the  right  abutment  and  the  direction  of  the  right  reaction  is 
e  point  of  intersection  of  the  vertical  reaction  Ri  and  the  line  drawn 
ing  line  of  the  equilibrium  polygon,  with  the  lower  end  of  the  load  line. 
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Since  the  vertical  components  of  the  reactions  are  independent  of  the  conditions  of  the  ends 
of  the  truss,  the  vertical  components  of  the  reactions  in  (c)  and  {d)  Fig.  2  are  the  same.  It  will 
be  seen  that  the  load  Pi  produces  stress  in  the  members  of  the  truss  with  rollers  windward.  If 
the  line  of  action  of  R2  drops  below  the  joint  P5,  the  lower  chord  of  the  truss  will  be  in  compression, 
as  will  be  seen  by  taldng  moments  about 'P5. 

STRESSES  IN  A  TRANSVERSE  BENT.— A  transverse  bent  in  a  steel  mill  buHding 
consists  of  a  roof  truss  supported  at  the  ends  on  columns  and  braced  against  longitudinal  move- 
ment by  means  of  knee  braces,  Fig.  3.  The  ends  of  the  columns  may  be  fixed  at  the  base  or 
may  be  free  to  turn  (pin-connected).  The  stresses  in  a  transverse  bent  are  statically  indeterminate 
and  cannot  be  calculated  without  taking  in  account  the  deformations  of  the  members  themselves. 
The  following  approximate  method,  proposed  by  the  author  in  the  first  edition  of  "  The  De- 
sign of  Steel  Mill  Buildings,"  1903,  gives  results  that  are  approximately  correct,  are  on  the  safe 
side,  and  is  the  method  now  used  in  practice. 

Dead  and  Snow  Load  Stresses. — ^The  stresses  due  to  dead  and  snow  loads  in  trusses  of  a 
transverse  bent  are  calculated  the  same  as  though  the  trusses  were  supported  on  solid  walls. 

Wind  Load  Stresses. — ^The  external  wind  loads  may  be  taken  (i)  as  horizontal  or  (3)  as  normal 
to  the  surface.  The  columns  will  be  assumed  to  be  pin-connected  at  the  tops  and  to  be  either  pin- 
connected  or  fixed  at  the  base.  It  will  be  assumed  that  the  horizontal  reactions  at  the  foot  of 
the  columns  are  equal  to  each  other,  and  equal  to  one-half  of  the  horizontal  component  of  the 
external  wind  load.  It  is  also  assumed  that  the  truss  does  not  change  its  length,  and  that  the 
deflection  of  the  columns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  brace  are  equal. 

It  is  shown  in  "  The  Design  of  Steel  Mill  Buildings  "  that  when  the  columns  are  fixed  at 
the  base  the  point  of  contra-flexure  comes  at  a  distance  of  from  i  to  j  of  the  distance  from  the 
foot  of  the  column  to  the  foot  of  the  knee  brace.  It  is  usually  assumed  that  the  point  of  contra- 
flexure  is  located  at  a  point  in  the  column  one-half  the  distance  from  the  foot  of  the  column  to 
the  foot  of  the  knee  brace.  U  h  =  height  of  the  column^  d  =  height  from  the  base  of  the  column 
to  the  foot  of  the  knee  brace,  then  the  distance  from  the  base  of  the  column  to  the  point  of  contra- 
flexure  will  be 

d(J±2hl 
^"^       2(2d-^h)'  ^^^ 

The  calculation  of  the  wind  stresses  in  a  transverse  bent  with  a  monitor  ventilator  is  shown  in 
Fig.  3.  The  bents  are  spaced  32  ft.  centers  and  are  designed  for  a  horizontal  wind  load  of  20  lb.  per 
sq.  ft.,  the  normal  wind  load  being  calculated  by  Hutton's  formula.  Fig.  3,  Chapter  I.  The  point 
of  contra-flexure  is  found  by  substituting  in  equation  (4)  to  be 
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The  external  forces  are  calculated  for  the  bent  above  the  point  of  contra-flexure  by  multiplying 
the  area  supported  at  the  point  by  the  intensity  of  the  wind  pressure.  For  example,  the  load  at 
B  is  32'  X  6.75'  X  20  lb.  =  4320  lb. 

The  line  of  application  and  the  amount  of  the  external  wind  load,  ZPT,  is  found  by  means 
of  a  force  and  an  equilibrium  polygon.  XW  acts  through  the  intersection  of  the  strings  parallel 
to  the  rays  0-B  and  0-C,  and  is  equal  to  C-B  (line  C-B  is  not  drawn  in  force  polygon)  in  amount. 
The  reactions  R  and  R*  may  be  calculated  graphically  as  follows: — Lay  off  the  total  wind  load 
XW  so  that  it  will  be  bisected  by  point  A  in  Fig.  3.  Perpendiculars  dropped  from  the  ends  of 
load  line  ZW  to  the  dotted  lines  A B  and  A  C  will  give  7'  =  12,800  lb.,  and  V  =  700  lb.,  respec- 
tively.    Then  R  and  R'  are  calculated  as  shown. 

The  calculation  of  stresses  is  begun  at  point  B  in  the  windward  column,  and  in  the  stress 
diagram  the  stresses  at  B  are  found-  by  drawing  the  force  polygon  a—B-A-^b-^.  The  remaining 
stresses  arc  calculated  as  for  a  simple  truss.  In  calculating  the  stresses  in  the  ventilator  it  was 
assumed  that  diagonals  9-10  and  10-12  are  tension  members,  so  that  9-10  will  not  be  in  action 
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when  the  wind  is  acting  as  shown.  Before  solving  the  stresses  at  the  joint  6-7-9  *t  was  necessary 
to  calculate  the  stresses  in  members  t-ii,  lo-ii  and  9-A.  The  remainder  of  the  solution  offers 
no  difficulty  to  one  familiar  with  the  principles  of  graphic  statics. 
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Fig.  3. 

The  stress  in  post  h~a  is  equal  to  F,  while  the  stress  in  i-c  is  found  by  extending  i-c  to  c' 
in  the  stress  diagram,  c'  being  a  point  on  the  load  line.  The  stress  in  post  n-A  is  equal  to  F', 
while  the  stress  in  19-w  is  found  by  extending  19-w  to  m'  in  the  stress  diagram,  m'  being  a  point 
on  the  horizontal  line  drawn  through  C.  The  kind  of  stress  in  the  different  members  is  shown 
by  the  weight  of  lines  in  the  bent  and  stress  diagrams. 

For  a  detailed  discussion  of  the  calculations  of  the  stresses  in  a  transverse  bent,  see  ''  The 
Design  of  Steel  Mill  Buildings.*' 

STRESSES  IN  BRIDGE  TRUSSES.— The  stresses  in  bridge  trusses  may  be  calculated 
by  applying  the  condition  equations  for  equilibrium  for  translation,  resolution;  or  by  applying 
the  condition  equation  for  equilibrium  for  rotation,  moments.  Both  resolution  and  moments  may 
be  calculated  algebraically  or  graphically,  giving  four  methods  for  calculation  the  same  as  for 
roof  trusses. 

iffaTimttm  StfesBes. — The  criteria  for  loading  a  truss  or  beam  for  maximum  and  minimum 
stresses  are  given  on  page  160,  Chapter  IV. 

Problems. — ^The  methods  of  calculating  the  stresses  in  bridge  trusses  are  shown  by  several 
problems  taken  from  the  author's  "  The  Design  of  Highway  Bridges." 
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Problem  i.    Dbad  Load  Strbssbs  in  a  Camel-back  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  i6o'  o",  panel  length  3o'  o", 
depth  at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load  400  lb.  per  lineal  foot  per  truss. 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  »  25'  o".  Scale  of 
loads,  i"  ^  10,000  lb. 

(b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  ^^phic  resolution,  beginning  at  l^i  and  checking  up  at  Rt, 
Follow  the  order  given  in  the  stress  diagram. 

(c)  Results. — ^The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension.  All 
inclined  web  members  are  in  tension;  while  part  of  the  posts  are  in  compression  and  part  are  in 
tension.     Member  1-2  is  simply  a  hanger  and  is  always  in  tension. 

Problem  2.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o,"  depth  at  hip  50'  o", 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load 
stresses  by  graphic  resolution.     Scale  of  truss,  i"  «=  50'  o".     Scale  of  loads,  i"  =45  tons. 

(6)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  Ri  and  ics.  Calculate  the  stresses  in  the  members  at  the  left  reaction 
by  constructing  force  triangle  i-Y-X,  Then  calculate  the  stress  in  1-2  by  constructing  polygon 
r-i-2-K.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  Wt  where  there 
appears  to  be  an  ambiguity,  stress  ±-$  being  unknown.  To  remove  the  ambiguity  proceed  as 
follows:  At  Wi  on  the  left  side  of  the  stress  diagram  assume  that  Wt  is  the  stress  in  5-6  (the 
member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  a-$  by 
completing  the  triangle  of  stresses  in  the  auxiliary  members.  The  stresses  are  now  all  known 
at  Wt  except  5-4  and  5-K,  but  the  stress  in  4-^  is  between  the  two  unknown  stresses.  First 
complete  the  force  polygon  2-3-4-5'- K-K-2.  Then  by  changing  the  order  the  true  polygon 
2-3-4-5- K-K-2  may  be  drawn.  This  solution  is  sometimes  called  the  method  of  slidmg  in  a 
member.  The  apparent  ambiguity  at  joint  Wt  may  be  removed  in  the  same  manner.  The  stress 
diagram  is  carried  through  as  shown  and  finally  checked  up  at  Rt»  It  will  be  seen  that  there  is 
no  apparent  ambiguity  on  the  right  side  of  the  truss. 

(c)  Results. — It  will  be  seen  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  truss 
with  subdivided  panels.  The  auxiliary  members  are  commonly  tension  members  in  all  except 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problem  6.  It  will  be  seen  that  the  stresses 
in  the  first  four  panels  of  the  lower  chord  are  the  same.  The  loads  in  this  type  of  Petit  truss  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 

Problem  3.    Maximum  and  Minimum  Stresses  in  a  Warren  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebraic  reso- 
lution.    Scale  of  truss  as  shown. 

(b)  Methods. — Dead  Load  Stresses. — Beginning  at  the  left  end  the  left  reaction  is  -Ri  -  3!  W^. 
The  shear  in  the  first  panel  is  3JP^,  in  the  second  panel  is  2jpr,  in  the  third  panel  b  f  FT,  and 
in  the  fourth  panel  is  JPT.  Now  resolving  at  Ri  the  stress  in  i-K  «  —  3Jpr-tan  $,  stress  i-X 
"  +  3iW'3ec$,  Cut  members  i-K,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane  and 
equate  the  horizontal  components  of  the  stresses  in  the  members.  The  unknown  stress  2~X 
will  equal  the  sum  of  the  horizontal  components  of  the  stresses  in  i-K  and  1-2  with  sign  changed, 
«  -  (-  3J  -  3i)H^.tan  $  ^  +7W  t^nS,  The  stress  in  3-!^  -  -(7  +  ^iW  tan  tf  «  - 
giW'Une,  Stress  in  4-X  -  -  (-  9i  -  2j)P^tan  ^  -  +  I2pr-tan  $;  stress  in  5-K  «  - 
(-h  12  -h  ii)W'tSine  -  -h  i3JP^tan^;  and  the  stress  in  6-X  -  -  (-  13J  -  ii)W^-tan^  - 
-h  i5H^«tan  B;  etc.  The  coefficients  of  the  chord  stresses  when  multiplied  by  W  tan  $  give 
the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by  iV'sec  $  give  the  web 
stresses. 

Live  Load  Stresses. — Chord  Stresses — ^The  maximum  chord  stresses  occur  when  the  joints 
are  all  loaded,  and  the  chord  coefficients  are  found  as  for  dead  loads.  The  minimum  live  load 
stresses  in  the  chords  occur  when  none  of  the  joints  are  loaded,  and  are  zero  for  each  member. 

Web  Stresses. — The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segment  into 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it.  The 
minimum  live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and  the  longer  segment 
has  no  loads  on  it.    The  maximum  stresses  in  members  i-X  and  1-2  occur  when  the  truss  is  fully 
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loaded.  The  shear  in  the  panel  is3}P,  or  V-^t  and  the  stress  in  i-X  —  3}P«sec  ^  «  +  125,400 
lb.,  while  the  stress  in  1-2  »  —  3iP*sec  ^  »  —  125400  lb.  The  minimum  stresses  in  i-A  and 
1—2  are  rero.  The  maximum  stresses  in  2-3  and  3-4  occur  when  6  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
to  the  left  reaction,  =  /^i  -  (6  X  3J  X  P)/8  -  V-P-  The  stress  in  2-3  -  ^Psec  6  - 
-|-94t08o  lb.,  while  the  stress  in  3-4  —  —  ^P'B^B  ■»  —  94,080  lb.  The  minimum  stresses 
in  2-3  and  3-^  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding 
panel  on  the  nght  of  the  truss,  if  the  shorter  segment  is  loaded,  the  left  reaction  »  JP  »  the 
shear  in  the  panel.  The  minimum  stress  in  2-3  —  —  JP-sectf  =  —4,480  lb.,  while  the 
minimum  stress  in  3-4  »  +  4t48o  lb.  The  stresses  in  the  remaining  panels  are  calculated  in  the 
same  manner.  The  maximum  chord  stresses  are  equal  to  the  sum  of  the  dead  and  live  load  chord 
stresses.  The  minimum  chord  stresses  are  the  dead  load  chord  stresses.  The  maximum  web 
stresses  are  equal  to  the  sum  of  the  dead  and  the  maximum  live  load  web  stresses.  The  minimum 
web  stresses  are  equal  to  the  algebraic  sum  of  the  dead  load  stresses  and  the  minimum  live  load 
stresses. 

(c)  Results. — ^The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tension  to  com- 
pression, or  the  reverse.    These  members  must  be  counterbraced  to  take  both  kinds  of  stress. 

Problem  4.    Maximum  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  i"  —  20'  o". 

(6)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefficients  and  the  dead  load  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads.  The  maximum  chord  stresses  are  the  sums  of  the  dead  and  live  load  chord  stresses,  while 
the  minimum  chord  stresses  are  those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  stress  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
The  conditions  for  maximum  and  minimum  stresses  in  the  webs  are  the  same  as  for  the  Warren 
truss,  the  vertical  posts  having  stresses  equal  to  the  vertical  components  of  the  stresses  in  the 
inclined  web  members  meeting  them  on  the  unloaded  (top)  chord. 

(c)  Results. — ^There  is  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
stresses  in  the  counters  for  live  loads.  Only  one  of  the  counters  will  be  in  action  at  one  time 
Whenever  the  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  1,3,  6,  10,  15,  21,  as  for  the  Warren 
truss.  This  shows  that  the  maximum  and  minimum  web  stresses  are  proportional  to  the  ordinates 
to  a  parabola. 

Problem  5.    Maximum  and  Minimum  Stresses  in  a  Deck  Baltimore  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  deck  Baltimore  truss,  span  280'  o",  panel  length  20'  o",  depth 
40*  o  ,  dead  load  0.375  ^^^^  P^^  lineal  foot  per  truss,  live  load  0.625  ^oJ^s  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(6)  Methods. — Construct  three  truss  diagrams  and  use  them  as  shown. 

Dead  Load  Stresses. — ^The  auxiliary  struts  1-2,  5-6,  9-10,  etc.,  carry  a  full  dead  load  com- 
pression, while  the  auxiliarv  web  members  2-3,  6-7,  lo-ii,  etc.,  have  a  tensile  stress  of  iPT-sec  B, 
The  stress  in  i-K  equals  the  shear  in  the  panel  multiplied  by  sec  tf  «■  —  6Jpr'8ec  tf.  The  stress 
in  3~K  equals  the  shear  in  the  panel  multiplied  by  sec  B,  plus  the  inclined  component  of  the  one- 
half  load  that  is  carried  toward  the  center  by  the  auxiliary  member  2-3,  =  — (5J  +  i)Pr»sec^ 
■■  —  6W*9ecB,  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  3-K  —  -h  6H^. 
The  stress  in  4- K  is  the  horizontal  component  of  the  stress  in  3-K  —  —  6H''-tan  B.  The  stress 
in  l-^  and  2-X  «»  -h  6iH''«tan  B,  The  stress  in  4-5  is  the  inclined  component  of  the  shear  in 
the  panel  -  —  4Jir-8ec  B.  The  stress  in  5-A  =  —  (—  6  —  4J)H^tan  ^  =«  -h  loJPT-tan  B, 
The  remaining  dead  load  stresses  are  calculated  in  a  similar  manner. 

Live  Load  Web  Stresses. — ^The  maximum  shears  in  the  different  panels  occur  when  the  longer 
segment  of  the  truss  is  loaded,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
truss  is  loaded.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a 
full  live  load  on  the  bridge.  The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the 
right  of  the  panel  and  no  loads  to  the  left.  The  shear  in  the  panel  will  then  be  equal  to  the  left 
reaction   —  11  X  Kn  H-  i)-P/i4  "  \\P*    The  maximum    live   load   stress   in    4-5  will  be  — 


—  JjP-sectf.    With  a  maximum  stress  in  4-5  the  stress  it 

sees tiP-aecB.     This    is   the   manmum   stress,  for  ,   , 

maximum  shear  in  the  panel  is  —  10  X  ii/sX  -^P-secS  -■  —  HP-eect.  in  a  simuar 
manner  it  will  be  found  that  maximum  stresses  in  members  8-9  and  8-1 1  occur  with  a  maximum 
shear  in  8-9.  On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a 
minimum  shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chords  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss.    The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss. 

Y  Algebraic 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  330'  o",  panel  Ici^h  30'  o",  depth 

g'  o  ,  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss- 
Llculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  l"  =  40'  o". 

(b)  Hetbods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Slresses.~The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  iW-secB.  The  stress  in  the  upper  part  of  the  end-post  is 
(+6}  +i)W-aec9  -  ^jWsecB.  where  +6iK'-sec9  is  the  stress  due  to  the  shear  and 
-)-  \W-aec  8  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.    The  stress  in  the  main  diagonal  in  the  third  panel  is  —  5)IV-sec  8,  where  i\W  is  the 

shear  in  the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (—  4}  —  \)W-aecO  •• 

—  $Waec  6,  where  4lWsec  B  is  the  stress  due  to  the  shear  in  the  panel  and  \Waec  B  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefficients 
are  calculated  aa  in  Problem  5. 

Live  Load  Strtsses.-^Th^  maximum  shear  in  the  third  panel  occurs  with  13  loads  to  the 
right  of  the  panel  and  with  no  toads  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal 
to  the  left  reaction,  equals  13  X  J(i3  +  1)  X  P/16  -  \\P.  The  stress  in  the  main  diagonal 
in  the  third  panel  is  then  equal  to  —  fi/'-scc  6.  The  stress  in  the  main  diagonal  in  the  fourth 
panel  is  (-  ^\P  +  -hP)  sec  S  -  -  UP  sec  S.  -  a  maximum,  the  maximum  shear  in  the  panel 
being  la  X  \{\2  -(-  i)  X  P/16  -  H>.  In  like  manner  the  maximum  stresses  are  found  in 
Sth  and  6th  panels  when  there  is  a  maximum  shear  in  the  Sth  panel,  and  in  the  7th  and  8th  panels 
when  there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  In  the  3d  and  4th  panela 
from  the  right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  in  the  5th 
and  6th  panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(c)  Results. — The  double  (Kinels  next  to  the  center  require  counters.  It  should  be  noticed 
that  in  calculating  the  stresses  in  these  counters  the  diagonal  auxihary  ties  will  have  the  dead 
load  stress  of  +  5.66  tons  as  a  minimum. 

Problbu  7.    MAxmim  and  Minimum  Stresses  in  a  Cahel-back  Truss  bv  Algs- 
BRAic  Moments. 

{a)  Problem. — Given  a  Camel-back  truss,  span  100'  o".  panel  length  30'  o",  depth  at  hip 
30'  o".  depth  at  center  35'  o".  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  !b.  per 
lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  algebraic  moments.     Scale  of  truss,  i"  =  20'  o". 

(0)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  scaling 
from  the  drawing. 

Dead  Load  Slreises. — To  calculate  the  stress  in  the  end-post  Lg[/i,  take  center  of  momenta 
at  Lu  and  pass  a  section  cutting  LtUi,  U,Li  and  L,Lt,  and  cutting  away  the  trust  to  the  ri^ht. 
Then  assume  stress  LoUt  as  an  external  force  acting  from  the  outside  toward  the  cut  section, 
and  stress  UUi  X  14.14  -  Ai  X  20  -  o.  Now  «,  -  6  tons  and  stress  L,U,  =  +  8.48  tons. 
To  calculate  the  slresaes  In  LoL,  and  tiLj  take  the  center  of  moments  at  U,.  and  pass  a  section 
cutting  members  UiUi,  UiLr  and  LiL,.  and  cutting  away  the  truss  to  the  right.  Then  assume 
the  stress  in  £.iLiasan  external  force  acting  from  the  outside  toward  the  cut  section,  and  Z.i£.iX  20 

—  fii  X  20  -  o.  Now  ^1  =  6  tons  and  the  stress  in  Loii  -  Liti  =  ~  6  tons.  To  calculate 
the  stress  in  UvUi  take  the  center  of  moments  at  Lt.  and  pass  a  section  cutting  members  UiUi, 

UiLt  and  LiL,',  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  LtUt  as  an 
external  force  acting  from  the  outside  toward  the  cut  section,  and  £/|  Ut  X  J4-25  —  Ki  X  40  +  W 

X  20  -  o.  Now  R^  =■  6.  W  =  3  tons,  and  the  stress  in  U,Ui  =  +  7.42  tons.  To  calculate 
the  stress  in  UiL,  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  members  UiUt, 

UiLi,  and  LiLt,  and  cutting  away  the  truss  to  the  right.     Then  assume  the  stress  in  UiLt  as  an 


STRESSES  IN  BRIDGE  TRUSSES.  561 

external  force  acting  from  the  outside  toward  the  cut  section,  and  UiLt  X  70.7  -k-  Ri  X  60 
—  IT  X  80  —  o.  Now  l?i  —  6  tons  and  W  —  3  tons,  and  UiLt  X  70.7  ■»  —  120  ft. -tons,  and 
stress  l/iLt  "■  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses. — ^The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  UiLt  will  occur  with  loads  at  Lt,  Ls',  and  L/,  while 
the  maximum  stress  in  counter  UtLi  will  occur  with  a  load  at  Li  only.  The  maximum  tension 
in  UtLt  will  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  UtLtt  loads  at  Lt  and  Li,  The  details 
of  the  solution  are  shown  in  the  problem. 

(c)  Results. — ^The  stress  in  the  counter  UtLt  and  the  chords  UtUt  and  LtLt  may  be 
calculated  by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  25'  o".  The  maximum  stress  in  UtLt  will  occur  with  loads  Lt  and  Li  on  the 
bridge,  when  the  left  reaction  equals  2  X  3P/5  =•  fP.  The  stress  in  UtLt  «*  —  iP'secS 
»  —  6.15  tons. 

pROBLBM  8.    Maximum  and  Minimum  Stresses  in  a  Through  Warren  Truss  by 

Graphic  Moments. 

(a)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth 
20'  o",  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  i"  »  20'  o". 
Scale  of  loads,  i"  =  50,000  lb. 

(b)  Metiiods.  Chord  Stresses. — Calculate  the  center  ordinate  of  the  parabola  «»  wL^/Sd 
**  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  1-5  at  the 
left  and  right  abutments.  Make  1-2  =  2-3  =  3-4  —  2  (4-5).  Draw  the  inclined  lines  1-5, 
2-5.  3-5.  4-5i  5-5;  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
points  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Stresses. — ^At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  eaual  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
s  84,000  lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4,  etc.  Connect  these  points  of  division  with  the  panel 
point  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  3^^,  downward  to  the  prescribed  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  W,  until  the  dead 
load  shear  is  —  3^^  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed  as 
shown. 

Maximum  and  Minimum  Web  Stresses. — The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Positive  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  negative  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

(c)  Results. — ^This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 
systems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
the  maximum  ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  number  of  panels. 

Problem  9.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  by  Algebraic 

Moments. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip 
50'  o  ,  depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per 
uneal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  algebraic  moments.     Scale  of  truss,  i"  =  40'  o".     Scale  of  lever  arms,  any  convenient  scale. 

(p)  Metiiods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
half  the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check 
by  scaling  from  the  diagram.    The  methods  of  calculation  will  be  shown  by  two  examples: 

I.  Stresses  in  Tie  6-^.  Dead  Load  Stress. — Pass  a  section  cutting  members  7-A,  6-7,  and 
6-F,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  ^4,  the  inter- 
section of  chords  j-X  and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the  outside  toward  the  cut  section.     Then  for  equilibrium   6-7  X  477.0  -f-  -Ri  X  575  —  3^^ 
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X  625  =  o.  Now  Ri  —  146.25  tons  and  W  =  22.5  tons,  and  solving  the  equation  gives  stress 
6-7  =  —  87.8  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segment 
of  the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  maximum  live 
load  stress  6-7  X  477-0  -h  Ai  X  575  =  o-  Now  Ri  =  55/14  X  35  tons  -  137.5  tons,  and  the 
stress  in  6-7  «  —  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded. 
Taking  moments  about  the  point  ^4,  6-7  X  477-0  +  -Ri  X  575  —  3-P  X  625  =  o.  Now  l^i  ->  90 
tons,  P  =*  35  tons,  and  stress  in  6-7  *  +29.1  tons. 

2.  Stresses  in  Tie  4-7,  Dead  Load  Stress, — Pass  a  section  cutting  members  7-X,  4-7,  4—5 
and  5-K,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  external 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  ±-7  X  4770  +  -Ri  X  575  —  stress  4-5  X  442.0  —  2W^  X  612.5  =  o.  Now  the  member 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  1 414  « 
+  15.9  tons.     Ri  «  146.25  tons,  and  2H^  =«  45  tons.    Then  stress  4-7  =  —  103.6  tons. 

Live  Load  Stresses, — ^The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  segment 
loaded.  Taking  moments  about  A  as  for  dead  loads,  stress  4-7  X  477.0  -{•  Ri  X  575  —  stress 
4-5  X  442.0  -  o.  Now  stress  4-5  -  +  24.8  tons,  and  Ri  =  66/14  X  35  -  165  tons.  Then 
stress  4-7  =»  —  175.7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  stress  4-7  X  477-0  +  /?i  X  575  —  2P  X  612.5  ■»  o  Now 
Ri  =»  62.5  tons  and  2p  ^  70  tons.     Then  stress  4-7  =  +14-5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  panels 
may  be  calculated  by  coefficients.  Check  up  the  dead  load  chord  stresses  by  comparing  with 
the  stresses  obtained  by  graphic  resolution  in  Problem  2. 

(c)  Results. — The  auxiliary  members  carry  the  stresses  directly  toward  the  abutments  and 
there  is  no  ambiguity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  6.  However, 
the  method  of  subdividing  shown  in  Problem  6  is  used  in  preference  to  that  shown  in  this  problem. 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Problem  10.    Live  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  E  60 

Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  6}",  depth  30'  o",  live 
load  Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  due  to  the  prescribed  loading  by  algebraic  moments.     Scale  of  truss,  i"  —  25'  o". 

(6)  Methods.  Chord  5/r«j«5.-— Calculate  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  moment 
at  any  joint  in  a  Pratt  truss  is,  "  the  average  load  on  the  left  of  the  section  must  be  the  same 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having  calculated 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  dividing  the  bendmg  moment 
by  the  depth  of  the  truss.     The  moment  diagram  is  given  in  Table  V6,  Chapter  IV. 

Web  Stresses,— ^a\cu\ate  the  |x>sition  of  the  wheels  for  maximum  shears  in  the  different 
paneb.  The  criterion  for  maximum  shear  in  a  panel  is,  **  the  load  on  the  panel  must  equal  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bending 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  Lo'Li.  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  0, 

Fhorbeam  Reaction, — The  stress  in  the  hip  vertical  UiLi  is  equal  to  the  maximum  floorbeam 
reaction.  This  is  calculated  as  follows:  Take  a  simple  beam  with  a  span  equal  to  the  sum  of  two 
panel  lengths  and  calculate  the  maximum  bending  moment  at  the  point  in  the  beam  corresponding 
to  the  panel  point;  in  this  case  it  will  be  the  center  of  the  span.  This  bending  moment  multiplied 
by  the  sum  of  the  panel  lengths  divided  by  the  product  of  the  panel  lengths  will  be  the  maximum 
floorbeam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  multiplied 
by  2  divided  by  the  panel  length. 

(c)  Results. — When  the  maximum  stresses  occur  in  chords  UtUt,  UtW  and  LsLs',  counter 
Ui'Lt  is  in  action.  It  occasionally  happens  that  there  is  more  than  one  position  of  the  loading 
that  will  satisfy  the  criterion  for  maximum  bending  moment.  In  this  case  the  moments  for  each 
loading  must  be  calculated. 

Problem  ii.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moments  and 

Graphic  Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  R  »  2,000  lb.,  end-posts  pin-connected  at  the  base.  Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.    Scales  as  shown. 
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(6)  Methods. — Now  H  '^  H'  ^  i,ooo  lb.  K  -  —  V,  and  by  taking  moments  about  B, 
V  =■  30  X  2,000/15  =*  4,000  lb.  =  —  V\ 

Algebraic  Moments, — In  passing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  3- K  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-K,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  3-y  as  an  external  force  acting  from  the  outside  towaird  the  cut  section,  and  3-K 
X  10  X  0.447  +  H  X  30'  =  o.  The  stress  m  3-K  =  —  6,710  lb.  The  remaining  stresses  are 
calculated  as  shown. 

Graphic  Resolution, — Lay  off  a- A  =  A-b  =  ff  —  1,000  lb.,  and  A-Y  =  F'  =  4,000  lb. 
Then  bejg^inning  at  point  B  m  the  portal  the  force  polygon  for  equilibrium  is  or-A-Y-i'-a,  in 
which  I '-a  is  the  stress  in  the  auxiliary  member  i-a,  and  K-i'  is  the  stress  in  the  post  i-K  when 
the  auxiliary  member  is  acting.  The  true  stress  in  i-  K  is  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stress  i'~a  and  K-i',  and  equals  K'  =  —  4,000  lb.  Next  complete  the  force 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is  known  and  the  force  triangle 
is  a-i'-2'-a,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A,  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (i)  as  shown.  The 
maximum  shear  in  the  posts  is  /f  »  i  ,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3-K,  joint  (3),  and  is  Af  =  1,000  X  20  X  12  =  240,000  in.-lb. 

(c)  Results. — ^The  method  of  graphic  resolution  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the  oppo- 
site side,  as  might  be  inferred  from  the  figure. 

Problem  12.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
o'  o",  wind  loads  Po,  Pi,  Pj,  Ps,  P4,  as  shown.  Calculate  the  stres^s  in  the  members  of  the 
bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  graphic 
resolution.  Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  «  10'  o".  Scale  of  loads, 
i"  —  2,000  lb. 

{b)  Methods. — Algebraic  Moments. — To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  3-X,  3-4  and  47  K;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
-h  3,000  X  19.3'  -I- 3.000  X  1 1.3'  ^  o.  The  stress  3-4  «  —  5,800  lb.  Stresses  in  4-5,  5-6, 
6^,  7-8  and  8-Z  are  calculated  in  a  similar  manner.  To  obtain  reaction  Pi  take  moments  about 
Pf,  and  Pi  X  30'  -  2,000  X  15'  -  2,000  X  30*  -  3.Q00  X  45'  —  3»o«>  X  53'  "  o.  Then  Pi 
—  12,800  lb.  —  —  Pt. 

To  calculate  the  stress  in  4-  K,  take  center  of  moments  at  joint  Pt,  and  pass  a  section  cutting 
members  5-^,  4-5  and  4-K,  and  assume  the  stress  in  4-K  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.    Then  4-K  X  15.6'  —  3,000  X  15'  —  3,000  X  23'  =  o.    Then 

4-1^  ="  +  7.300  lb. 

Graphic  Resolution, — ^The  load  Po  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  members.  The  loads  Po,  Pi,  Pj,  Ps,  P*  are  laid  off  as  shown,  and  with  the  load  Po  the 
stress  triangle  K-X-2  is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — ^The  stress  in  the  auxiliary  member  2-K  acts  as  a  load  at  the  top  of  post  4-K. 
Load  Po  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  reason 
that  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 
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CHAPTER  XVII. 
The  Design  of  Steel  Details. 

IntroductloiL — ^The  design  o(  any  structure  involves  the  design  of  the  different  members 
and  the  connections.  In  this  chapter  the  design  of  the  various  steel  details  will  be  considered  as 
fully  and  completely  as  the  limited  space  permits.  The  design  of  the  members  and  details  of  a 
steel  structure  are  governed  by  the  specifications  for  the  particular  structure.  Reference  will 
be  made  by  section  and  page  to  the  various  specifications  in  this  book. 

HBHBERS  in  TENSION.— Several  difierent  methods  for  making  end  connections  of  bars  are 
shovm  in  Fig.  i.  Loop  Bars,  (a)  Fig.  i,  are  used  for  lateral  bracing  on  highway  bridges,  buildings 
and  towers,  with  turnbuckles  or  sleeve  nuts,  to  make  them  adjustable  as  shown  in  Tables  93  and 
94.  (All  tables  numbered  with  Arabic  numerals  arc  in  Part  II.)  Clevises,  (b)  Fig.  i,  are  used 
to  secure  the  ends  of  bars  used  as  lateral  bracing  on  highway  bridges  and  on  buildings.  The  pin 
may  be  either  a  cotter  pin  as  shown  in  Table  96,  or  a  bridge  pin  as  shown  in  Table  95.  Ordinary 
eye-bars,  (c)  Fig.  i,  are  used  principally  for  lower  chords  and  main  ties  on  bridges.  Data  for  eye- 
bars  are  given  in  Table  91.  Counters  arc  made  of  adjustable  eye-bars  as  shown  in  Table  91. 
Bottom  lateral  plates  or  skew-backs,  (d)  F^.  i ,  are  used  to  secure  the  ends  of  bottom  lateral  rods 


required  (Table  93). 
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n  the  area  is  determined  by  the  formula: 

'  the  total  tension  in  the  bar  and  ft  the  allowable  unit  tensile  stresB. 
iven  to  illustrate  the  use  of  the  tables  in  selecting  the  details  for 

bar  to  cany  a  tenule  stress  of  48,000  lb.,  one  end  passing  around  a 
>und  a  3J^  in.  pin,  the  center  to  center  distance  between  pins  being 

S8.  P-55;  S33.  P-57;  S84,  p.  60;  !9i,  p.  61;  S104,  p.  61:  S  108, 
i;  S49,  p.  14a:  S61.  p.  142;  !  14,  p.  206;  !36.  p.  206;  S  15,  p.  ao9; 
■.  P-  379;  !  42.  P-  381 ;  !  3S,  p.  385. 
able  unit  stress  o!  f,  =  16,000  lb.  per  sq.  in.,  the  area  required  is, 

.      P      48,000 

J,"  i6fioo  "  ^•'^  **■  '"■ 
■a  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  3.14 
could  be  used.     Using  the  i^  in.  square  bar  the  additional  length 
.  pin  is  1'  It"  (Table  gs),  and  for  a  3H  in.  pin  is  *'  •".  making  it 
;nter  to  center  distance  of  pins  to  obtain  the  total  length  of  bar. 
upset  required  on  a  l^  in.  square  bar  is  2)^  in.  in  diameter  and  sJ-i 
ii4  in.  extra  material  to  make  each  upset,  or  9  in.  for  the  two  up- 
:kle  for  a  zH  in-  screw  is  25  lb.  (Table  94).    The  clearance  between 
umbuckles  is  5  in.  (Diagram  at  top  of  Table  92). 
;ht  of  the  1 H  in.  square  bar  is  therefore: 
7"   of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  -  308.O  lb. 
'  o"  of  lii  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  ■-    41.6  lb. 
'  9"  of  iH  in.  square  bar,  @  10,41  'b,  per  ft.  (Table  6)  -      7.8  lb. 

@  25      lb.  (Table  94)  -    25.0  lb. 

'  4"  Total  Weight  -  382.4  lb. 

«ad  of  a  tumbuclde,  its  we^jht  for  a  2!^  in.  screw,  is  19  lb.  (Table 
he  ends  of  the  screws  is  3  in.  for  all  sleeve  nuts  (Diagram  at  the  top 

;ht  of  iH  in.  square  bar  when  a  sleeve  nut  is  used  is  therefore: 
9"  of  I  a  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  -  309.8  lb. 
o"  of  I li  in.  square  bar,  @  10.41  lb.  per  ft.  (Tabled)  -    4 1. 6  lb. 

'9"  of  1%  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  -      78  lb. 

@  19      lb.  (Table  94)  -    19-0  lb. 

'  6"  Total  Weight  -  378.2  lb. 

t  a  bar  to  carry  a  tensile  stress  of  48,000  lb.,  the  ends  to  be  held 

r  of  pins  being  17'  o". 

oop  bar,  also  }  41,  p.  58;  {  39,  and  |  41,  p.  141 ;  S  I7t  S  18,  and  S  19, 

'able  unit  stress  of/i  ••  16,000  lb.  per  sq.  in.,  the  area  required  is. 


/.       16,000 
^a  of  3.06  sq.  in.  (Table  6).  and  a 
r  could  be  used.    Using  the  iji 
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The  size  of  pin  required  by  shear  and  moment  can  be  obtained  from  the  lower  part  of  Table 
93,  and  is  a  2  in.  pin  if  the  forks  are  closed,  or  a  3  in.  pin  if  the  forks  are  used  straight.  The 
thickness  of  connection  plate  required  by  bearing  when  a  2  in.  pin  is  used,  is  48,000  -^  (2.00  X  24,- 
000)  "»  1. 00  in.,  if  a  3  in.  pin  is  used  the  plate  must  be  48,000  +  (3.00  X  24,000)  »  0.66  in. 

The  weight  of  the  bar  and  two  clevises  is  estimated  as  follows: 

The  length  of  the  rod,  allowing  for  clearance,  etc.,  must  be  reduced  by  i4  —  J^  in.  «  8  —  H 
=»  7Ji  in.  (Table  93)  at  each  end,  or  a  total  of  2  X  7H  =  i'  3"»  The  diameter  of  upset  for  a 
1%  in.  square  bar  is  2)^  in.,  which  requires  4H  in-  material  to  make  each  upset  (Table  89),  or  9 
in.  for  both  upsets. 

The  total  length  and  weight  of  i^  in.  square  bar  is: 

c.  to  c.  of  pins,  less  i'  3",  =  10'  9"  of  i  Ji  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  =  11 1.9  lb. 
Material  for  2  upsets  »  o'  9"  of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  »  7.8  lb. 
Two  No.  6  clevises  @  26      lb.  (Table  93)  «    52.0  lb. 

Total  Length  =  11' 6"  Total  Weight  -  171.7  lb. 


Eye-Bar. — Select  an  eye-bar  to  carry  a  tensile  stress  of  190,000  lb.,  with  an  8  in.  pin  at  one 
end  and  a  6}^  in.  pin  at  the  other  end,  the  length  center  to  center  of  pins  being  25'  o". 

References,— ^  33,  p.  57;  §  106,  p.  62;  §  162,  p.  66;  §  37.  p.  141;  §92,  p.  144;  §  141,  p.  145; 
S  171,  p.  147;  §  14,  p.  206;  §36,  p.  206;  ''Minimum  Bar,*'  p.  207;  §83,  p.  207;  {  15,  p.  209; 
i  36,  p.  210;  §  83,  p.  213;  §  136,  p.  216;  §  162,  p.  218. 

Solution. — Using  an  allowable  unit  stress  of  ft  »  16,000  lb.  per  sq.  in.,  the  area  required  is. 


.       P      190,000  ^ 

A  —  -J-  »  -~ =  11.87  sq-  in* 

ft       16,000  ^ 


A  bar  8  in.  X  iH  in.  has  an  area  of  12.00  sq.  in.  (Table  i).  From  Table  91,  the  maximum  thick- 
ness allowed  for  an  8  in.  bar  on  a  6H  in.  pin  is  2  in.,  and  the  minimum  is  i  in.  (The  value  6}/i 
in.  does  not  appear  in  the  table  but  it  is  less  than  7  in.,  which  is  the  maximum  pin  which  can  be 
used  if  the  die  referred  to  is  used.)  For  an  8  in.  pin  the  maximum  thickness  is  2  in.  and  the 
minimum  i  }/i  in.    The  bar  selected  satisfies  these  requirements  as  to  thickness. 

The  extra  length  of  bar  required  to  form  a  head  for  a  6}/^  in.  pin  (die  for  7  in.  pin)  is  2'  8"  for 
ordering  the  bar,  and  2'  3"  for  estimating  the  weight,  and  for  an  8  in.  pin  3'  o"  and  2'  6",  respec- 
tively (Table  91). 

The  total  length  and  weight  of  eye-bar  is  therefore: 

c.  to  c.  of  pins  —  25'  o"  of  8  in.  X  i  M  in.  bar.  ®  40.8  lb.  per  ft.  (Table  2)  =  1020.0  lb. 

Eye  for  6^  in.  pin  =»    2'  3"  of  8  in.  X  iH  in.  bar,  @  40.8  lb.  per  ft.  ■■      91.8  lb. 

Eye  for  8  in.  pin  =»    2'  6"  of  8  in.  X  i}^  in.  bar,  @  40.8  lb.  per  ft.  »«    102.0  lb. 

Total  Length  -  29'  9"  Total  Gross  Weight  -  1213.8  lb. 

The  weight  which  must  be  deducted  for  pin  holes  (Table  6)  is, 

Pin  hole  for  6}4  in.  pin  is  1.5  -f-  12  X  112.8  =■  14.1  lb. 
Pin  hole  for  8  in.  pin  is      1.5  +  12  X  171.0  -  21.4  lb. 

Total  weight  to  be  deducted  =■  35.5  lb. 

The  net  weight  of  the  eye-bar  is  then  1213.8  —  35.5  »  1 178-3  lb. 

For  the  design  of  an  eye-bar  subject  to  flexure  due  to  its  own  weight,  see  "Combined  Flexure 
and  Direct  Stress"  in  this  chapter. 

Angle  in  Tension. — Select  an  angle  to  carry  a  tensile  stress  of  40,000  lb.,  using  ^  in.  rivets. 

References.--i  33,  p.  57;  §  39.  P-  57;  §  40.  P-  5^;  §  79»  P-  60;  $  83,  p.  60;  $  84,  p.  60;  §  85, 
p.  60;  5  89,  p.  61;  S  104,  p.  61;  §  22,  p.  105;  §  37,  p.  141;  §  43,  p.  141;  §  60,  p.  142;  §  79,  p.  144; 
5  80,  p.  144;  S  14,  p.  206;  §  26,  p.  206;  §45,  p.  206;  "Fastening  Angles,"  p.  207;  §  15,  p.  209; 
S  26,  p.  210;  S  38,  p.  210;  §  57,  p.  210;  §  74,  p.  212;  p.  219;  p.  223;  §  232,  p.  363;  §  8,  p.  379. 


The  net  area  through  the  pin  hole  (section  m-m)  must  be  25  per  cent  in  excess  of  the  net 
area  o(  the  body  of  the  member  according  to  a  common  specification.  It  will  probably  be  nece«- 
Bary  to  deduct  the  area  of  the  pin  hole  and  two  rivet  holes  on  each  side,  the  rivet  holes  being  so 
□ear  the  sectioD  m-m,  eee  Fig.  4.  The  gross  area  through  the  pin  hole  is,  web  plates  3  X  18  X  3^ 
=  18.00  »q.  in.,  angles  4  X  3.25  —  13.00  sq.  in.,  fill  plate  a  X  H  X  W  -  IIOO  sq.  in.,  outside 
plate  3  X  >7  X  M  "  17.OO  sq.  in.  making  a  total  gross  area  of  59.00  sq.  in.  The  net  area  is 
59.00  -  3  X  5-5  X  1.5  -  4  X  I  X  i>i  -  36.5  sq-  in-  The  required  net  area  through  the  pin 
hole  b  1.25  X  25.00  -  31.3  sq.  in. 


RivBTBD  Tension  Member. 


The  net  area  back  of  the  pin  hole  parallel  with  the  axis  of  the  member  (section  0-0)  must  not 
be  le«8  than  the  net  area  in  the  body  of  the  member  (section  n-n)  -  25.0  gq.  in.  The  total 
thickness  of  the  metal  at  this  section  is  1.50  in.  for  each  side.  Therefore  the  net  length  back  of  the 
pin  must  be  35.00  +  2  X  i-S"  ~  8-33  'n.  Assuming  that  not  over  three  rivets  will  come  in  this 
section,  the  total  length  back  of  the  pin  hole  must  be  at  least  8.33  +  3.00  =  11.33  in- 

The  number  of  rivets  required  and  the  size  of  pin  plates  is  considered  under  "  Riveted  Connec- 
tions and  Joints." 

Vnriveted  Pipe. — De»gn  an  unriveled  iron  pipe  la  in.  in  diameter  to  carry  an  internal 
pressure  of  400  lb.  per  sq.  in. 

From  Structural  Mechanics,  Chap.  XVI  (Formula  I3a),  /  —  wD  +  at;  and  t  ~vD  +  3f, 
where  t  is  the  thickness  of  metal,  id  =  unit  internal  pressure,  D  —  diameter  and  /  the  allowable 
tensile  stress  which  will  be  taken  as  13,000  lb.  per  sq.  in. 
vD       400  X  1 


I  ..  - 


-  0.30  IE 


HEHBERS  IN  COMPRESSION. — The  deugn  of  compression  members  will  be  shown  by 
several  examples. 

Sn^e  Angle  Stmt. — Select  an  angle  to  carry  a  compressive  stress  of  21,500  lb.  The  length 
center  to  center  of  connections  is  6'  o'',  and  both  legs  are  to  be  fastened  at  the  ends.  Fig.  3. 

&/«■««<«*.— Specifications  434,  p.  57;  S39.  P-  57:  S  84.  p.  60;  Hs.  P-  60;  Stf3,  p.  61; 
S3B,p.  141;  543.P- 141 T  ifiOiP-  14a;  S  100,  p.  61;  I45,  p.  306;  p.  207;  S  16,  p.  209:  S  20,  p.  309: 
p.  323;  {  331,  p.  363;  f  10,  p.  379. 

Sotutitm. — Using  /<  —  16,000  —  70  l/r  lb.  per  sq.  in.,  as  the  allowable  unit  stress  and  125  as 
the  maximum  value  for  the  ratio  l/r,  the  minimum  value  f or  r  is  as  follows: 


l/r  -  125.  , 


I 


6X  I 


-  0.58  in. 


576  THE   DESIGN   OF   STEEL   DETAILS.  Chap.  XVII. 

Many  other  angles  might  be  chosen  but  in  no  case  could  an  angle  smaller  than  3"  X  3''  be 
used,  for  the  requirement  for  //r  would  not  be  satisfied.  Larger  angles  will  give  lighter  sections 
and  be  more  rigid.  Any  angle  3H"  X  3W  has  a  radius  of  gyration,  r,  of  about  0.69  (Table  23), 
giving  an  l/r  of  about  104,  and  an  allowable  unit  stress  of  about  8,700  lb.  per  sq.  in.  and  requiring 
an  area  of  2.47  sq.  in.,  which  would  be  provided  by  one  angle  3  J^"  X  33^"  X  H".  The  minimum 
angle  satisfying  the  l/r  requirement  is  found  as  a  guide  in  the  selection  of  sections  but  is  rarely  a 
satisfactory  section,  except  for  long  members  with  low  stresses  such  as  lateral  bracing.  Table  41, 
Part  II,  gives  the  safe  loads  for  single  angle  struts  fastened  by  both  legs. 

See  also  §  26,  p.  203;  §  45,  p.  203;  "Fastening  Angles,"  p.  207;  {  20,  p.  209. 

If  the  angle  is  fastened  by  one  leg  only  as  in  Fig.  3,  the  load  is  eccentric  and  the  problem  is 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect- 
ive. As  before  the  least  radius  of  gyration  must  be  not  less  than  0.58  in.,  which  corresponds  to  an 
allowable  unit  stress  of  7,300  lb.  per  sq.  in.,  requiring  the  area  of  the  attached  leg  to  be  at  least  2.95 
sq.  in.  The  requirement  for  radius  of  gyration  would  be  satisfied  by  any  3J4"  X  3"  angle,  but 
to  provide  2.95  sq.  in.  of  area  if  attached  by  the  3^  in.  leg  the  thickness  would  have  to  be  2.95 
+  3.50  =  0.85  in.  requiring  a  3J4"  X  3"  X  J^"  angle,  which  is  a  very  poor  section  and  would 
be  much  heavier  than  a  section  with  longer  legs  to  satisfy  the  same  conditions,  and  much  less 
rigid.  The  least  radius  of  gyrations  of  any  5"  X  3H"  angle  is  about  0.76  in.  (Table  24),  and  the 
allowable  unit  stress  will  be 

72 
/,  =«  16,000  —  70  l/r  =  16,000  —  70  X  -^  «  9,370  lb.  per  sq.  in., 

requiring  an  area  of  the  attached  leg  of 

.       P      21,500 
^  =  _  a,  — isi_  OS  2.30  sq.  m. 

which  would  be  provided  by  a  5"  X  ^W  angle  of  thickness  equal  to-^"  ■■  .46  in.    An  angle 

5"*  X  3H"  X  W  could  be  used  with  the  5  in.  leg  attached. 

Double  Angle  Strut — The  member  a-b  Fig.  5  is  to  consist  of  two  angles  back  to  back  sepa- 
rated by  ^  in.  connection  plates  at  the  ends  and  washers  %  in.  thick  in  the  body  of  the  member. 
Design  for  a  compressive  stress  of  50,000  lb. 

References.— i  34,  p.  57;  §  84,  p.  60;  §  93,  p.  61 ;  §  100,  p.  61 ;  §  38,  p.  141 ;  8  60,  p.  142;  (  45, 
p.  206;  §  16,  p.  209;  §  20,  p.  209;  §  231,  p.  363;  §  10,  p.  379. 

Solution. — Using  fe  =  16,000  —  70  l/r  lb.  per  sq.  in.  as  the  allowable  unit  stress,  and  125  as 
the  maximum  value  for  the  ratio  //r,  the  minimum  value  for  r  is  found  as  follows 

„  /        8  X  12 

Ir  —  125,  or  r  =  —  = =  0.77  m. 

^  125         125  '' 

The  lengths  about  axes  X-X  and  Y-Y  are  equal,  so  that  for  a  well  designed  member  the  ladn 
of  gyration  about  the  two  axes  should  be  as  nearly  equal  as  practicable.  This  condition  b  satis- 
fied by  using  angles  with  unequal  legs,  short  legs  turned  out. 

A  member  composed  of  two  2^''  X  2"  angles,  ^  in.  back  to  back,  with  short  legs  turned 

out  will  have  a  least  radius  of  gyration  of  about  0.78  in.  (Table  40),  the  value  for  axis  X-X  being 

about  0.78  in.  and  Y-Y  about  0.95  in.     The  allowable  unit  stress  is  then/«  •■  16,000  —  70 //r 

8  X  12 
—  16,000  X «-  *  7 1390  lb.  per  sq.  in.,  requiring  an  area  of 


.       P      50,000      ,    , 
-4  «  7-  =  ^-J —  »  6.76  sq.  m. 


This  area  cannot  be  supplied  by  two  2^"  X  2"  angles,  but  even  though  it  could,  larger 
angles  would  be  more  economical  as  well  as  more  rigid.    The  minimum  angle  satisfying  the  /,  r 
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requirement  is  found  so  as  to  guide  in  the  selection  of  angles  but  is  rarely  a  satisfactory  section, 
except  for  a  long  member  with  low  stresses,  such  as  lateral  bracing. 

Try  two  angles  4''  X  3"  with  the  short  legs  turned  out,  %  in.  back  to  back.    From  Table 

40  it  is  seen  that  for  any  thickness  the  least  radius  of  gyration  will  be  about  the  axis  X-X^  and 

8  X  12 
will  be  about  1.26  in.,  giving  an  allowable  unit  stress  of  /«  «  16,000  —  70  X       ^  ■  «  10,670 

lb.  per  sq.  in.,  which  requires  an  area  of  50,000  +  10,670  »  4.68  sq.  in.  The  area  of  2  angles 
4"  X  3"  X  W  *  4*96  sq.  in.,  which  will  satisfy  the  conditions.  If  the  estimated  radius  of  gyra- 
tion does  not  agree  closely  enough  with  the  actual  radius  of  gyration,  another  calculation  should 
be  made,  but  this  is  not  often  necessary. 

The  spacing  of  the  washers  should  be  such  that  the  l/r  of  one  angle  between  the  washers  is  not 

8  X  12 
greater  than  the  l/r  for  the  whole  member,  or  l/r  « r-  «  76.2,  /  =■  76.2  X  .64  «  48.7  in., 

0.64  being  the  least  radius  of  gyration  of  one  angle  4"  X  3"  X  H"  (Table  24).  One  washer  in 
the  center  will  be  sufi^cient. 


.^ 
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Fig.  5.    Double  Angle  Strut. 

If  lengths  about  the  two  axes  are  different,  as  is  often  the  case  in  roof  trusses  and  portals,  the 
greatest  value  for  //r  should  be  used,  the  corresponding  length  and  radius  of  gyration  being  taken; 
for  example  in  designing  the  member  h-d.  Fig.  5,  as  a  strut  the  length  corresponding  to  the  axis 
K-F  is  12'  o",  and  to  the  axis  X-X  is  6'  o''.  To  make  an  efficient  member  the  long  legs  should 
be  turned  out  and  r y  should  be  equal  to  2  X  f «. 

The  minimum  allowable  values  of  r^  and  ty  are  found  as  follows, 

,/  /,        6  X  12 

//r-"5.  r.-— --^-o.58.n.; 


125  125 

From  Table  39  it  is  seen  that  any  2j^"  X  2"  angle  with  long  legs  turned  out  and  Y%  in.  back 
to  back  is  the  smallest  angle  which  will  satisfy  the  requirements  for  //r ,  r «  ~  0.58  in.  and  ty  ~  1.26 
in.  (approx.).  The  values  for  //r  are  124  and  114,  respectively,  124  being  the  greater.  The 
allowable  unit  stress  is  then 

/,  =  16,000  —  70  X  124  =  7,320  lb.  per  sq.  in. 

If  the  stress  in  fr~c  is  the  same  as  that  in  c-d^  19,000  lb.  compression,  the  required  area  is, 

.       P      19,000         , 
il  «  >-  =»  -^ =  2.60  sq.  in. 

which  will  be  taken  by  2  angles  2^"  X  2"  X  5/16",  having  r,  =»  0.58  in.,  and  fy  =»  1.26  in. 
(Table  39).     If  the  stresses  in  b-c  and  c-d  are  not  equal  proceed  as  above  and  design  for  the 
maximum.     The  spacing  of  the  washers  should  not  be  greater  than,  /  »  124  X  0.42  =  52.1  in., 
0.42  in.  being  the  least  radius  of  gyration  of  one  angle  2^^"  X  2"  X  5/16". 
38 
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If  the  controlling  stress  were  38,000  lb.  compression,  the  required  area  for  2)^''  X  2''  angles 

would  be 

.       F     38,000 

^  oi  ■-■  B  s2 =  C.20  sq.  in. 

/.       7,320       ^       ^ 

which  could  not  be  supplied  by  two  2^"  X  2"  angles,  so  that  two  3H"  X  3"  angles  will  be  used 

for  which,  r,  =  0.90  and  r«  =■  1.66  for  J^  in.  back  to  back,  the  values  of  l/r  are "  80  and 

^  0.90 

12  X  12 

-rr—  =  86.8,  respectively,  and  the  allowable  unit  stress  is,  /«  «  16,000  —  70  X  86.8  =  9f930 

lb.  per  sq.  in.,  requiring  an  area  of  ^  »  30,000  +  9f930  »  3.83  sq.  in.,  which  will  be  furnished 
by  two  angles  3H"  X  3"  X  5/16".  The  spacing  of  the  washers  should  not  be  greater  than, 
/  =  86.8  X  0.63  =  54.6  in.,  0.63  in.  being  the  least  radius  of  gyration  of  one  angle  3H"  X  3" 
X  5/16".  These  results  may  be  obtained  by  the  use  of  Tables  43, 44  and  45,  from  which  it  is  seen 
that  the  allowable  stress  in  a  member  composed  of  two  angles  3}^"  X  3"  X  5/16"  about  axis 
i-i  (K-F),  the  length  being  12'  o",  is  38,000  lb.,  and  about  axis  2-2  (X-X),  the  length  being  6'o", 
is  40,000  lb.,  and  the  allowable  load  will  be  38,000  lb. 

Two  Angles  Starred. — Design  a  member  consisting  of  two  angles  starred,  as  in  Fig.  6,  to 
carry  a  compressive  stress  of  30,000  lb.,  the  length  to  be  15'  o"  center  to  center  of  connections. 

References. — §  34,  p.  57;  S  84.  P-  60;  $  100,  p.  61. 

Solution, — Using  125  as  the  maximum  value  of  l/r,  and  /«  *  16,000  —  70 //r  lb.  per  sq.  in. 
as  the  allowable  unit  stress,  the  minimum  allowable  value  of  r  is  found  to  be 

„  /        15  X  12 

Ir  —  125,  r  =»  — -  =  -^ 144  m. 

^  125  125  ^^ 
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Fig.  6.    Two  Angles  Starred. 


From  Table  67  it  is  seen  that  4''  X  4''  angles  are  the  smallest  equal  leg  angles  that  can  be 
used,  and  that  r  will  be  about  1.56  in.,  and  the  allowable  unit  stress  is 

/e  -  16,000  -  70  X  '  ,    }    -  7»920  lb.  per  sq.  in., 

1.50 


which  requires  an  area  of 


-       P      30,000 

i4  -  7-  «  ^-^ 3.79  sq.  m. 

/«       7,920       *"^  -^ 


The  area  of  two  angles  4"  X  4"  X  Ji"  is  3.88  sq.  in.,  and  f  -  1-57  «n-f  which  will  satisfy  the  condi- 
tions.   The  batten  plates  must  have  a  spacing  of  not  more  than 

'-^^^X^-79-75in.-6'3"; 
1-57 

the  value  of  0.79  in.  being  the  least  radius  of  gyration  for  one  angle  4"  X  4"  X  W  (Table  23). 
Convenience  in  detailing  may  make  it  advisable  to  make  /  much  less  than  6'  3".  A  spacing  of 
3'  9"  was  used  as  shown  in  Fig.  6. 


PUW  and  Anglo  Column. — Design  a  plate  and  angle  caluntii,  Fig.  7,  to  carry  an  axia]  load  of 
340,000  lb„  the  unsupported  length  being  16'  o". 

References. — S  34.  P-  57;  838.  p.  57!  S  79.  P-  60;  S94.  P-  61  i  i9^.  P- 61;  {  100,  p.  61;  {  114, 
p.  6a;  S9.  P-  1041  !  ",  p.  104;  {  17,  p.  104. 

Solution. — A  Bcction  with  a  lain,  web  plate  and  two  14  in.  flange  plates  will  be  assumed.  The 
angles  will  be  spaced  laj^  in.  back  to  back  to  allow  for  an  over-run  in  the  web  plate  without  inter- 
fering with  the  cover  plates. 

The  radius  of  gyration  about  the  axis  A-A,  Fig.  7,  is  approximately  0.45  X  12.5  —  5.62  in. 
(Table  136),  and  about  the  axis  B-B  is  0.33  X  14  -  i-33"  (Table  136),  The  aws  B~B  will 
control  the  design.    The  allowable  unit  stress  is 

/,  -  16,000  -  70 //rib.  persq.  in.  -  16,000  -  70  X  -  11,800  lb.  perw).  in. 

which  require*  an  area  of 

Try  a  section  conusting  of  four  angles  6"  X  4"  X  ^"  with  long  legs  turned  out,  and  laH 
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References.—^  33,  p.  57;  $  42,  p.  58;  $  45,  p.  58;  §  14,  p.  104;  §  39.  P-  141;  5  50.  P- 142;  1 5S» 
p.  142;  S  17,  p.  209;  S  29,  §  30,  p.  210.  Properties  of  Carnegie  I- Beams  are  given  in  Tables  7  to 
13  inclusive.  Properties  of  Bethlehem  Girder  and  I-Beams  are  given  in  Tables  151  to  160, 
inclusive. 

SoLuUon. — ^The  bending  moment  is 

M  -  Hw-/*  *  H  X  1000  X  16^  -  32,000  ft.-lb.  -  32,000  X  12  in.-lb.  -  384,000  in.-lb. 
From  applied  mechanics. 


M^^—^f'S. 


The  section  modulus  required  is  then. 


-      I      M     384,000      ^,^.    , 

o  =  -  =  -7-  =  ~^ «  24.0  m.' 

c       /        16,000         ^ 

The  section  modulus  of  a  9  in.  7  @  36  lb.  is  24.8  in.*,  and  of  a  10  in.  7  @  25  lb.  is  24.4  in.'  (Taole 
7),  either  of  which  will  carry  the  load,  but  the  10  in.  /  @  25  lb.  being  lighter  is  the  more  economical, 
and  being  the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
sq.  in.,  are  given  in  Table  7.  The  I-Beam  could  have  been  selected  directly  from  the  moment 
making  use  of  these  values.  The  allowable  bending  moments  for  other  unit  stresses  are  propor- 
tional. 

The  safe  uniform  load,  in  tons,  for  I-Beams  are  given  in  Table  12,  using  a  fiber  stress  of 
16,000  lb.  per  sq.  in.  The  I-Beam  could  have  been  selected  directly  from  the  load  by  using 
this  table.     Safe  loads  for  other  unit  stresses  are  proportional. 

If  the  I-Beam  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  12a. 

Design  an  I-Beam  14'  o"  long  to  carry  a  concentrated  load  of  P  »  20,000  lb.  at  the  center 
of  the  beam.  The  maximum  moment  is  at  the  center,  and  is,  M  =*  MP 'I  ■•  Ji  X  20,000  X  14 
-=  70,000  ft.-lb.  —  840,000  in.-lb. 

The  required  section  modulus  is,  5  =  Mjf  =  840,000  -s-  16,000  =  52.5.  In  Table  7,  the 
lightest  beam  that  will  carry  the  load  is  a  15  in.  /  @  42  lb.,  which  has  a  value  of  5  »  58.9  in.*, 
•and  a  bending  moment  of  79,000  ft.-lb.  A  12  in.  7  @  55  lb.  will  also  carry  the  load,  but  is  not  an 
^economical  section.  A  concentrated  load,  P,  at  the  center  will  give  the  same  maximum  stresses 
;as  a  uniformly  distributed  load  of  2P,  From  Table  12,  a  15  in.  7  @  42  lb.  will  carry  a  uniformly 
distributed  load  of  22  tons,  which  b  sufficient. 

Two  I-Beams  with  Separators. — Design  a  girder  consisting  of  two  I-Beams  fastened  together 
by  means  of  separators,  the  girder  having  a  span  of  16'  o"  and  carrying  a  uniform  load  of  2,ocx> 
lb.  per  linear  ft. 

References,-^  ZZ,  p.  57;  §  '9.  P-  I05;  §39.  P-  H";  §  I7.  P-  209;  §30,  p.  210. 

Solution, — The  bending  moment  is 

Af  =  J  w,P  «  J  X  2000  X  16*  =  64,000  ft.-lb.  -  798,600  in.-lb. 
From  mechanics. 


c 


The  section  modulus  required  is. 


<:  -  ^  =  ^  =  798.000  ^  ^«  ^  .    , 
c       f        16,000       ^ 

Each  I-Beam  must  have  a  section  modulus  of  J  X  48.0  «  24.0  in.*  The  section  modulus 
bf  one  9  in.  7  @  36  lb.,  is  24.8  in.*  and  of  one  10  in.  7  @  25  lb.,  is  24.4  in.',  either  of  which  will 
carry  one-half  the  load,  but  the  10  in.  7  @  25  lb.  being  lighter  is  the  more  economical,  and  being 
the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments,  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  16,000  lb.  per 
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aq.  in.  are  given  in  Table  7.  The  I-Beams  could  have  been  selected  directly  from  the  moment 
making  use  of  these  values. 

The  safe  uniform  load,  in  tons,  for  I-Beams  is  g^ven  in  Table  12,  using  a  fiber  stress  of  16,000 
lb.  per  aq.  in.     The  I-Beams  could  have  been  selected  directly  from  the  load  using  this  table. 

If  the  girder  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  12a. 

The  separators  for  Carnegie  I-Beams  are  given  in  Fig.  4,  page  83,  Chap.  II.  The  separators 
for  Bethlehem  beams  are  given  in  Table  158. 

Plate  Girders. — ^The  full  discussion  of  the  design  of  plate  girders  would  require  more  space 
than  is  available.     The  following  notes  will  be  of  value. 

References. — ^The  following  references  should  be  consulted. 

Weights.—^.  115;  p.  150;  p.  151;  p.  152;  p.  153;  p.  155;  p.  156;  p.  158. 

Bending  Moments  and  Shears. — Pages  159,  163,  164,  165,  166,  167,  173,  174. 

Unii  Stresses.— i  33,  §  35,  §  36,  p.  57;  §  42,  §  43,  p.  58;  §  36,  §  37,  §  39,  §  40,  §  41,  §  44,  p. 
141;  §  50.  5  51.  §  52.  §  53»  5  54»  P-  142;  S  I4»  §  29»  p.  206;  §  14,  §  15,  §  17,  §  18,  i  19,  p.  209;  i  29, 
§30,  p.  210. 

Proportion  of  Parts.— i  3,  p.  55;  §  43,  p.  58;  §  3,  p.  137;  p.  202;  p.  203;  §  26,  §  29,  §  30,  §  77, 
p.  206;  §  79,  p.  207;  §  26,  §  27,  i  29,  §  31,  §  32,  i  38,  p.  210;  §  57,  p.  211;  §  77,  i  78,  §  79,  p.  212; 
§  80,  p.  213;  pages  220,  221,  222. 

Details. — Pages  54,  123,  124,  189,  T90. 

The  gross  and  net  areas  of  angles  are  given  in  Table  29;  Area  of  Plates,  Table  i ;  Areas  to  be 
Deducted  from  Rivet  Holes,  Table  116;  Moments  of  Inertia  of  Angles,  Tables  32,  33  and  34; 
Moments  of  Inertia  of  Web  Plates,  Table  3;  Moments  of  Inertia  of  Cover  Plates,  Table  5;  Prop- 
erties of  Plate  Girders,  Table  87;  Centers  of  Gravity  of  Plate  Girder  Flanges,  Table  88. 

Nomenclature. — ^The  following  nomenclature  will  be  used. 

M  »  resisting  moment  of  section. 

V    ^  vertical  shear  at  section. 

/      B  allowable  unit  fiber  stress. 

/     ""  moment  of  inertia  of  gross  section. 

/'    »  moment  of  inertia  of  net  section. 

/«    ""  moment  of  inertia  of  gross  section  of  web  plate. 

It/  ™  moment  of  inertia  of  net  section  of  web  plate. 

Af  ^  gross  area  of  one  flange. 

Ar  ^  net  area  of  tension  flange. 

A^  »  gross  area  of  web. 

h     =«  distance  between  centers  of  gravity  of  flanges. 

h'    ^  distance  between  gage  lines  of  rivets  in  tension  and  compression  flanges. 

d     B  distance  back  to  back  of  angles  in  flanges. 

c      »  distance  from  neutral  axis  to  extreme  fiber. 

P     =■  pitch  of  rivets  in  flanges. 

r      ■■  allowable  resistance  of  one  rivet. 

w  »  concentrated  load  per  unit  length  of  rail  »  P/l  where  P  »  concentrated  load  and 
/  »  distance  over  which  the  load,  P,  is  considered  as  distributed  (see  §  5,  p.  202). 

2«  «  number  of  rivets  on  one  side  of  web  splice. 

Resisting  Moment. — There  are  four  methods  now  in  use  for  determining  the  resisting  moment 
ot  a  plate  girder  section. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges  (see  §  29,  p.  206), 

M^Ar-f-h  (l) 

(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area  (see  §  42, 
p.  58;  §  50,  p.  142;  §  29,  p.  206), 

jif-(^y+MJ./.A  do 
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of  inertia  of  net  aection  (see  {  43,  p.  58;  t  50,  p.  143;  i  39,  p.  306), 


(4)  By  moment  of  ioertia  of  groaa  section  (used  by  Aoierican  Bridge  Co.  for  plate  ginkn 
ior  buildings). 


Rivets  in  Flanget  Whith  do  not  Carry  ConuntraUd  Loads. 
(i)  Awuming  that  all  bending  moment  is  carried  by  Aanges, 


Fig.  8.    Web  Sflicb  for  Platb  Gikder.  Fig.  9.    Web  Splice  for  Platb  GutDEt. 

f-'-y-  « 

(a)  Assuming  that  one^ighth  the  gross  area  of  web  is  available  as  flange  area, 


(3)  By  moment  of  inertia  of  net  section, 

. "J^ 

^      V  Ar'k 

(4)  By  moment  of  inertU  of  grow  aection, 


U 


Rivets  in  Flanges  Carrying  Concentrated  Loads. 

0)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

p  -      -    — ,  ,-=^  (6) 

(3)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

{3)  By  moment  of  inertia  of  net  section. 


\"'+l— 3/'-J 
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(4)  By  moment  of  inertia  of  gross  section, 

P  -  ^  (0) 

Rivets  Connecting  Cover  Plates  to  Flange  Angles. 

(i)  and  (2).  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

P  -  --irjy-  (10) 

where  n  —  number  of  rivets  on  one  transverse  line. 

r  =■  value  of  one  rivet  in  single  shear  or  bearing. 
d  »  distance  back  to  back  of  angles. 
At  ^  total  net  area  of  cover  plates  in  one  flange. 

(3)  By  moment  of  inertia  of  net  section, 

where  -4/  —  total  net  area  of  cover  plates  in  one  flange. 

Ac  «  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

(4)  By  moment  of  inertia  of  gross  section, 

^  -  fits;  ("^ 

where  i4«  —  total  gross  area  of  cover  plates  in  one  flange. 

he  »  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

Web  Splice, — ^An  ordinary  web  splice  is  shown  in  Fig.  8.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used. 
Plates  AB  and  A^B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  most  severely  stressed. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

r  =  —  ,  and  2»  =  —  (13) 

(2)  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.  The  stress  in  the 
outermost  rivet  is  given  by  the  formula, 

(3)  By  moment  of  inertia  of  net  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula; 

(4)  By  moment  of  inertia  of  gross  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula 

'  -V(S)MFW7 

For  the  details  of  a  web  splice,  see  Fig.  16. 


PINS  AND  PIN   PACKING. 
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Bending  Momenl. — The  etresset  in  the  merobera  are  shown  in  (e)  Fig.  lO,  which  gives  the 
force  polygon  Tor  the  forces.  The  malce-up  of  the  members  is  shown  in  (o),  and  the  pin  paclcing 
OB  one  side  ia  shown  in  (6).  The  stresses  shown  in  (e)  are  applied  one-half  on  each  side  of  the 
member,  the  pin  acting  like  a  simple  beam.  Tlie  stresses  are  assumed  as  applied  at  the  centers 
of  the  plates  which  malce  the  members. 


"1. 


Pin  Packing, 
(b) 


3ic  Momente. 
Coir^ontnti. 

TOtZM         „ 


u,u,5ioaoQ 

Force  Diagram-3ireiiei  h . 


Fig.  10,    Calcxjlation  of 


IN  A  PiK. 


1  of  StTtsses  in  a  Pin. — The  amounts  of  the  forces  and  the  distances  between  their 
points  erf  application  as  calculated  from  (fr)  are  shown  in  (if)  Fig.  lo.  The  horizontal  and  vertical 
components  of  the  forces  are  considered  separately,  the  maximum  horizontal  bending  moment 
and  the  maximum  vertical  beading  moment  are  calculated  for  the  same  point,  and  the  resultant 
moment  is  then  found  by  means  of  the  force  triangle, 

tn  (d)  the  horizontal  bending  moments  are  calculated  about  the  points  1.3,3, 4:  the  m 
horizontal  moment  is  to  the  right  of  3,  and  is  so8,6oo  in.-Ib.  The  vertical  bending  n 
calculated  about,  points  5,  6,  7,  S;  the  maximum  bending  moment  is  to  the  right  of  8,  and  is 
383.000  in.-lb.  The  maximum  bending  moment  is  at,  and  to  the  right  of  4  and  8,  and  is,  M  — 
■"soS.eoo*  +  383,000*  =  351,600  in.-lb.  Substituting  in  the  formula,/  -  M-cjl,  the  maximum 
bending  stress  is  /  "  16,600  lb.  per  sq.  in.  The  allowable  bending  stress  in  pins  for  which  this 
bridge  was  de«gned  was  18,000  lb.  per  square  inch.  The  allowable  bending  moments  on  pin 
are  given  in  Table  98. 

Shear. — The  shear  b  found  for  both  the  horizontal  and  vertical  components  aa  in  a  simple 
beam,  and  is  equal  to  the  summation  of  all  the  forces  to  the  left  of  the  section.  The  maximum 
horizontal  shear  is  between  i  and  3,  and  is  165400  lb.  The  shear  between  3  and  3  is  165,400 
—  99,300  ■  66,100  lb.  The  maximum  vertical  shear  is  between  6  and  7,  and  is  136,300  lb.  The 
resultant  shear  between  2  and  3,  and  6  and  7,  is,  V  -  ^136,300*  +  66,100*  -  145.000  lb.,  which 
is   less   than   the   horizontal   shear   between  i  and  2.     The   i 
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.  t . 
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I  and  2,  and  is  165,4001b.     The  maximum  shearing  unit  stress  is  165400  +  28.27* 

tt).  per  sq.  in.     The  allowable  shearing  stress  was  9,000  lb.  per  sq.  in. 

^* '  BtaHng,— The  bearing  stress  in  LqUi  is  160,650  +  (6  X  1.94)  "  i3»8oo  lb.     Bearing  stress 

.vjipi  l/iOt  is  165,400  -!-  (6  X  1.88)  B  14,600  lb.     Bearing  stress  in   UiLi  is  42,200  •^  (6  X  0.89) 

;%*  7,900  lb.     Bearing    stress  in   UiLt  is    107,000  +  (6  X  lA)  -  12,400   lb.  per   sq.    in.    The 

r'^iiBo'wable  bearing  stress  was  15,000  lb.  per  sq.  in.    Allowable  bearing  stresses  on  pins  are  given 

^  t^Ahle  97. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160  ft.  steel  highway  bridge,  see  the  author's 
^Ji#;fTlie  Design  of  Highway  Bridges,"  Chap.  XXII,  Part  III. 

>.<^^        Pin  Packing. — For  details  of  pin  packing  see  pages  219,  220  and  page  402.     Details  of  pins 
flare  given  in  Table  95,  Part  II. 

Corrugated  Steel  Roofing. — For  the  calculation  of  the  strength  of  corrugated  steel  and  for 
a  diagram  for  the  safe  loads  for  corrugated  steel,  see  Fig.  18,  Chap.  I,  page  22. 

Bearing  Plates. — The  bearing  plates  required  for  beams  and  columns,  Fig.  11,  may  be  deter- 
ained  by  the  following  formulas. 

Let  R  »  reaction  of  beam  or  load  on  column. 
A  «  area  of  bearing  plate. 
w  ™  allowable  unit  pressure  in  masonry. 
/  «  allowable  fiber  stress  in  plate. 
V  P  *=  projection  of  bearing  plate  beyond  any  edge  of  beam  or  column. 

Area  of  bearing  plate, 


P 

f04 


W/////>////, 


^ 

■S 


v/////////. 


Bearing  Plates. 


(18) 


Thickness  of  bearing  plate  required  by  a  given  projection, 
Safe  projection  for  a  given  thickness  of  plate, 


(19) 


'-'Vi/-'V^ 


(20) 


The  allowable  pressures  of  bearing  plates  on  masonry  (value  of  w)  are  given  in  Table  VIII, 
page  175.  Standard  bearing  plates  for  I-beams  are  given  in  Table  8;  for  channels  in  Table  15. 
The  length  of  I-beams  which  should  bear  on  plates  in  order  that  the  full  shearing  strength  be 
develop>ed  is  given  in  Table  1 1 ;  and  of  channels  in  Table  16. 

For  a  full  discussion  of  bearing  plates,  see  Bulletin  No.  35,  University  of  Illinois  Engineering^ 
Experiment  Station,  entitled  "A  Study  of  Base  and  Bearing  Plates  for  Columns  and  Beams/' 
by  Professor  N.  Clifford  Ricker. 

COMBIIYED  FLEXURE  AND  DIRECT  STRESS. — The  formulas  for  combined  flexure  and 
direct  stress  are  given  in  section  26,  Chapter  XVI.  The  design  of  members  stressed  in  com- 
bined flexure  and  direct  stress  will  be  shown  by  several  examples. 

Eye-Bar. — ^An  eye-bar  in  a  structure  carries  a  direct  stress  due  to  the  dead  and  live  loads, 
and  in  addition  is  stressed  in  flexure  due  to  its  own  weight. 
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If  P  «:  direct  stress  in  eye-bar;  Mi  «  bending  moment  due  to  weight  in  in.-lb. ;  c  »  distance 

from  neutral  axis  to  extreme  fiber  —  A/2,  where  h  >■  depth  of  eye-bar j  /  —  length  of  bar,  c.  to  c. 

of  pins,  /  >B thickness  of  eye-bar  in  inches;  /  *  moment  of  inertia  of  eye-bar  =»  A  ^A*;  ife  is  a 

coefficient  depending  upon  the  condition  of  the  ends  being  approximately  lo  for  eye-bars  with  pin 

ends,  24  for  one  pin  end  and  one  fixed  end,  and  32  for  two  fixed  ends;  E  ^  modulus  of  elasticity 

P 
of  steel  »  28,000,000  lb.    per  sq.   in. ;  and  /i  ^  7~t  >"  unit  stress  due  to  direct  loads.    Then 

the  stress  due  to  combined  flexure  and  direct  stress  will  be 

^  "^  k'E 

Now,  Ml  »  |w'/*,  where  w  —  0.28  t*h  ^  the  weight  of  the  bar  per  lineal  inch;  P  '^  ft'l'h; 
c  «B  A/2;  /  a  i%^*^\  k  »  10;  and  E  »  28,000,000  lb.  per  sq.  in.;  and  substituting 

f       jw'l^'ih    4,900.oooA  ,    . 

+io<28;6^s;^  /,  + 23,000,000  ( J. j 


12 

then  /i  is  the  extreme  fiber  stress  in  the  bar  due  to  weight,  and  is  tension  in  the  lower  fiber  and 
compression  in  the  upper  fiber. 

If  the  bar  is  inclined,  the  stress  obtained  by  formula  (22)  must  be  multiplied  by  the  sine 
of  the  angle  that  the  bar  makes  with  a  vertical  line. 

Diagram  for  Stress  in  Bars  Due  to  Weight. — ^Taking  the  reciprocal  of  equation  (22) 


(?)■ 


.  23,000,000 

fi  "  4,900,oooA  4,900,oooA       —  ^i  -r  yi 

and 

yi  -r  yt 

A  diagram  for  solving  equation  (23)  is  given  in  Table  134,  Part  II,  which  see.  The  intersections 
of  the  inclined  lines  in  Table  134  correspond  to  depths  of  eye-bar  that  give  maximum  stresses 
due  to' weight. 

End-Post — Design  the  end-post.  Fig.  12,  for  a  160  ft.  span  through  highway  bridge.  Panel 
length,  20'  o";  depth  of  truss  c.  to  c.  of  pins,  24'  o";  length  of  end- post,  31'  3".  The  direct 
stresses  are  as  follows:  dead  load  stress  —  30,000  lb.;  live  load  stress  «  60,000  lb.;  impact  — 
100/(160  +  300)  X  60,000  »  13,000  lb.;  total  direct  stress  due  to  dead  load,  live  load  and 
impact  ""  103,000  lb.  The  bridge  is  to  be  a  class  C  bridge  designed  according  to  the  "General 
Specifications  for  Highway  Bridges,"  in  Chapter  III.  From  §  38  of  the  specifications  the  allow- 
able unit  stress  is/e  »  16,000  —  70  //r.  The  section  will  be  made  of  two  channels  and  one  cover 
plate.  Try  a  section  made  of  two  10  in.  channels  ®  15  lb.,  and  one  14  in.  by  5/16  in.  plate,  (b), 
Fig.  12.  From  Table  82,  Part  II,  the  radius  of  gyration  about  the  horizontal  axis  ^4-^4 ,  is  r^  =  3.99 
in.,  and  about  the  vertical  axis  B-B  is,  r^  «  4.67  in.,  and  the  eccentricity  is,  e  =  1.70  in.    The 

70  X  375 
allowable  stress  is  then  /«  «  16,000  — =^^  =  9,400  lb.  per  sq.  in.     The  required  area  will 

be  ■-  103,000  -*•  9,400  -s  10.96  sq.  in.  The  actual  area  is  13.30  sq.  in.  While  the  section  ap- 
pears to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
before  rejecting  it. 

The  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  as  follows. 
To  calculate  the  area 

area  of  two  10  in.  channels  (Table  14)  =    8.92  sq.  in. 

area  of  one  14  in.  by  5/16  in.  plate  (Table  2)  =    4.38  sq.  in. 

Total  area  »  13 -30  sq.  in. 


To  locate  the  neutral  axis  A~A,  take  moments  about  the  lower  edge  of  the  '•h'"m*'' 
^  _  8.9J  XS  +4.38X  10.156  _ 
13^0 

The  eccentricity  u  t  —  6,70  —  5.00  -  1.70  in.     The  moment  of  inertia  7^,  about  a:d8  A— A 
may  be  calculated  as  follows: 

IM  r.  ^  I  nf  j-tianncls  ahout  Center  of  channels  (Table  14). 
Knter  of  plate  (Table  4). 
(Table  14). 
ble  0. 


.    End-Post  of  a  Highway  Bridcb. 

1.70"  +  ApX  3.456"- 

+  8.93  X  ijo"  +  4.38  X  3.456" 

5.76  +  53M 


1.80+  13.3  =3-g9'n- 
axis  B-B  may  be  calculated  as  follows, 
utral  axis  parallel  to  the  web  (Table  14). 
al  axis  (Table  3). 
Ac  =  area  ot  channels  (Table  14). 

From  Table  8a  the  distance  back  to  back  of  channels  is  8J^  in.     From  Table  14  the  distance 
from  neutral  axis  to  back  of  channel  is  0.639  '"■     "^^^  distance  from  neutral  axis  of  channels  to 
axis  B-B  Is  4.35  +  0.639  "  4'BSg  in.  (4.89  in.  will  be  used). 
Then  la  -  /.'  +  V  +  A,  X  4.89» 

—  4.60  +  71.46  +  9.82  X  4.89* 
=  4.60  +71.46  +  313.38 

-  389.34  ■"■*  , 

Then  fg  -  "^la  ■*■  A  ~  V289.34  +  i3-3  "  4-67  in- 


Stress  Due  to  Weight  of  Member.— The  total  weight  of  the  member  will  be 

Two  10  in.  channels  @  15  lb.,  31'  6"  long  -    945  lb. 

One  14  in.  X  5/16  in.  plate  @  14.88  lb.,  30'  o"  long  -    447  lb. 

Details  and  lacing  about  25  per  cent  —    308  lb. 

Total  Weight,  W  -  1700  lb. 

The  bending  moment  due  to  weight  of  member  ia  Af  —  {tCJ-nn  9. 

Stren  due  to  weight 

,            Mc          iW-l-aia$x  ,    . 

^'-- ¥1'-- Fp-  ^^5) 

The  strew  due  to  weight  in  the  upper  fiber  will  be 

,    _  t  X  1.700  X  375  X  0645  X  3.6i3g 

-,,,«      103.000  X  375' 

^"■»  -  .0  X  30.000,000 
-  940  lb.  per  sq.  in. 
The  stress  due  to  weight  in  the  lower  fiber  is 

f^-  -  6.70  X  940  +  3.6135 
-  -  1745  lb.  per  sq.  in. 
Stress  Due  to  Eeeentrie  Loading. — The  pins  were  placed  }  inch  above  the  center  of  the  channels, 
and  the  stress  due  to  eccentric  loading  will  be 

_     M.c     _  PX(i.70-o.5)X^  ,  g, 

^'      J  _P±  i-i± 

lofi  loE 

The  eccentric  stresa  in  the  upper  fiber  will  be 
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103,000  X  375* 
10  X  30,000,000 
—  —  a  j8o  lb.  per  sq.  in. 
The  eccentric  stress  in  the  lower  fiber  is 

/.  =  +  6.70  X  2,280  +  3.6125 
-  +  4.230  lb,  per  sq.  in. 
The  resultant  stress  due  to  weight  and  eccentric  loading  is  /i  —/,+/.=  +  940  —  2,2So  = 
—  1,340  lb.  in  the  upper  fiber,  and  —  1,745  +  4,230  —  2,485  lb,  per  sq.  in.  in  the  lower  fiber. 

The  allowable  stress  due  to  weight  and  eccentric  loading  is  greater  than  10  per  cent  ot  the 
allowable  stress  and  must  be  considered,  with  the  allowable  unit  stress  increased  by  10  per  cent 
((48.  p.  142). 

The  total  unit  stress  in  the  member  will  be,  /  -  103,000  +  13.30  +  2,485  -  7.752  +  2,485 
"  10,237  lb.  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
«dered  is  9,400  X  1. 10  —  10,340  lb.  per  sq.  in.,  which  is  sufficient. 

Stress  Due  to  Wind  Moment.— Tht  stresses  in  the  portal  and  the  direct  wind  stresses  in  the 
end-post  when  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  (d)  and  (e)  Fig. 
II.  The  end-posts  may  both  be  assumed  as  fixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bending  moment  must  not  be  greater  than  the  resisting  moment  which 
will  be 

M.  =  Hy.  -  (90,000  -  l^  -  D')a/3 
where  V  —  5,060  lb.  and  D'  —  7,000  lb.  the  direct  stress  due  to  wind,  and  a  =  dbtance  center 
to  center  of  metal  in  the  sides  of  the  end-post  ^  8.S7  in.,  (/),  Fig.  la.     (The  impact  stress  is 
emitted.)     If  ym  is  taken  equal  to  id  —  10'  o"  —  lao  in,,  we  will  have 

2,000  X  120  <  (90,000  -  5.060  -  7.000)  8.87/2 
which  makes  240,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the  base. 
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The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-post  will  be, 

/•  " pT?  (27) 

^"  io£ 

240,000  X  7  ^11. 

"  ^o^  .       (90.000  +  5.060  +  7.000)258'  "  ^'7^^  ^^'  ^'  *»•  "^ 

309.4  ""  . . 

10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  he  fw  —  (5060  -h  70Oo)/i3.3O  =  +  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  stress  will  come  on  the  windward  fiber  of  the  leeward 
end-post,  and  will  be/„"  -  +  6,370  +  910  =  +  7,280  lb.  per  sq.  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  load 
stresses  will  be 

/  »  90,000  -5-  13.30  +  7,280 
«  6,770  4-  7,280  «  14,050  lb.  per  sq.  in. 

From  §  46  in  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  direct 
and  flexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  considered  is  then 

fe  =■  9,400  X  1.50  —  14,000  lb.  per  sq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-post  calculated  above. 

While  the  section  assumed  appeared  to  be  excessive,  the  additional  area  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

For  the  method  used  by  the  C.  M.  &  St.  P.  Ry.  for  the  design  of  an  end-post,  see  p.  222. 

Column  of  a  Transverse  Bent. — Design  a  column  similar  to  that  of  the  transverse  bent  shown 
In  Fig.  3,  Chapter  XVI,  but  having  column  length  of  25'  6"  and  being  hinged  at  the  base.  Direct 
stress  «  +  12,800  lb.,  bending  moment  at  foot  of  knee  brace  »  181,250  ft.-lb.  Shear  "  H 
-  13.500  lb. 

References.-^  34  and  i  38,  p.  57;  §  79.  §  80  and  i  84,  p.  60;  §  94.  5  97.  §  98  and  §  100,  p.  61. 

Solution, — ^A  section  composed  of  four  angles  and  a  plate  will  be  used.  The  column  will  be 
supported  laterally  by  the  girts  so  the  length  in  that  direction  will  be  taken  as  }j  X  25'  6"  «-  12.75 
ft. 

Try  4  angles  5"  X  3)4"  X  J^",  long  legs  out,  18H  in.  back  to  back  and  one  web  plate  18  in. 
X  %  in.  Distance  between  rivet  lines  -  18H  —  2  X  2  -  14H  in.  Maximum  allowable 
distance  for  %  in.  plate  —  40  X  ?^  ■■  15  in. 

Using  method  at  bottom  of  Table  69,  -4  =  22.75  in.»;  /^  -  1,3"  in.*;  Ib  -  94-6  in-*; 
fA  "  7-59  in.;  r^  -  2.04  in.  The  greatest  value  of  /  +  r  *  12.75  X  12  +  2.04  =  75.0.  The 
maximum  allowable  value  of  /  •^  r  »  125.    The  allowable  unit  stress  is: 

1.50(16,000  —  70 //r)  -  1.50(16,000  —  70  X  750)  -  16,100  lb.  per  sq.  in. 

The  actual  unit  stress  is: 

5  -g+     ^'     _  l^^^^ 181.250  X  la  X  9-aS        .  ,(-.000  lb.  per  «q.  in. 

^      A^  ^      PP      32.75  12.800  X  255*  X  la*         '        »v°^^'^ 

loE  ^  10  X  30,000,000 

Floorbeam. — Floorbeams  are  designed  in  the  same  way  as  other  plate  girders.  The  section 
cut  away  for  clearance  at  the  joint  must  be  strengthened  by  means  of  plates  as  shown  in  Fig.  I3- 
To  determine  the  strength  at  the  weakest  section,  A-A,  the  following  method  is  used. 

The  floorbeam  is  drawn  to  scale  in  Fig.  13,  so  that  distances  can  be  scaled  and  the  maxinium 
floorbeam  reaction  189,980  lb.  be  resolved  graphically,  in  the  center  line  of  the  post,  into  80,000 
lb.  normal  to  A- A,  which  produces  direct  tension  on  the  section  A-A,  and  173,000  lb.  parallel 
to  i4-i4,  which  produces  shear  and  flexural  stress. 
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Rivet  holes  are  considered  as  spaced  3  in.  along  the  section  A- A ,  for  when  the  beam  is  detailed 
it  is  not  probable  that  they  will  be  spaced  closer  than  3  in.  Holes  are  deducted  from  the  tension 
side  only,     i  in.  holes  being  deducted  for  %  in.  rivets. 

The  plates  may  not  be  exactly  as  indicated  on  Fig.  13  for  it  may  be  necessary  to  alter  them 
slightly  in  detailing,  but  small  changes  will  not  change  the  results  materially.  It  is  quite  an 
advantage  to  have  the  investigation  made  before  the  beam  is  completely  detailed  as  alterations 
are  more  easily  made  at  that  time  if  the  beam  proves  weak  in  any  particular. 

The  curved  angle  at  the  bottom  will  not  be  considered  as  adding  to  the  strength. 

Values  for  the  area,  eccentricity  and  moment  of  inertia  are  found  as  follows. 

First  the  moments  and  moments  of  inertia  of  the  separate  parts  are  found  about  an  axis 
through  the  geometric  center  of  the  section,  the  eccentricity  is  then  calculated.  The  moment 
of  inertia  about  an  axis  through  the  center  of  gravity  is  found  by  subtracting  the  product  of  the 


■if> 
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Fig.  13.    Detail  of  Floorbeam  Connection. 


area  and  the  eccentricity  squared  from  the  moment  of  inertia  about  the  axis  through  the  geometric 

center  or 

Ic'^U-A-^ 

Note, — ^For  sake  of  simplicity  the  total  section  was  divided  up  as  follows: 

A,  includes  three  H  In.  and  two  ^  in.  plates,  the  6"  X  ^"  legs  of  the  flange  angles  and  5< 
in,  -^^  in.  of  the  4"  X  5^"  leg.  The  spaces  allowed  for  clearance  were  considered  as  solid  with 
no  appreciable  error. 

B,  includes  the  remainder  of  the  4"  X  H"  legs  o^  flange  angles. 

C,  includes  the  ^  in.  outside  plates  considered  as  solid. 

D,  includes  the  rivet  holes,  i  in.  in  diameter  and  3.5  in.  long,  spaced  3  in.  center  to  center. 
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Tables  of  Areas,  Moments  and  Moments  op  Inertia. 


Section. 


A 
B 
C 

D 


Sixe. 
In. 


35-5  X  2.75 

5.7s  X  0.625 

18.0  X  0.75 

5  X  I  X  3.5 


e  »■  106.6  -s-  97.2  «  1. 10 


Area. 
Sq.  In. 


In. 


Moment, 
In.-Lb. 


In. 


+97-6 

Moment  of  Inertia  about  own  axis 
+  3.6       I       +17.4       I     +  62.6       I       -f  174 

Moment  of  Inertia  about  own  axis 
+13.S       I       -  8.8       [     -118.6       I       -  8.8 

Moment  of  Inertia  about  own  axis 


-17.5 


-  9.3 


+  162.6 


Moment  of  Inertia  about  own  axis 


-  9.3 


-f-97-2 

J't*  »  972  X  1. 10^ 


+  106.6       I 


In«. 


O 
+  10,250 
+   1,088 

O 

+    1,044 
+       365 


12,747 
315 


Total  moment  of  inertia  about  centroidal  axis 


10,919 
"7 


10,802 


The  bending  moment  of  this  section,  from  Fig.  14  is 

M  =  189,980  X  27  =  5,130,000  in.-lb. 
or 

M  -  173,000  X  29-5  =  5,130,000  in.-lb. 
The  direct  tension  is  80,000  lb. 
The  shear  on  the  section  is  173,000  lb. 
Compression  in  extreme  fiber  due  to  moment 

Sx  =  M'c'  -i-  I  ^  (5,130,000  X  16.65)  -^  10,802  =  +  7,850  lb.  per  sq.  in. 
Tension  in  extreme  fiber  due  to  moment  is 

5i  =  M'c"II  «  5,130,000  X  18.85  ■»-  10,802  =  -  8,950  lb.  per  sq.  in. 
Tension  on  whole  section  due  to  direct  stress 

5,  =  P/a  =  80,000  -s-  97.2  =  —  820  lb.  per  sq.  in. 
Total  compression  in  extreme  fiber  . 

5  =  5i  +  5s  =  7,850  -  820  -  +  7,030  lb.  per  sq.  in. 
Total  tension  in  extreme  fiber 

5  =  5i  +  5j  »  —  8,950  -  820  =  -  9,770  lb.  per  sq.  in. 
Unit  shear  is  approximately 

S  =  173,000  -r  97.2  =  1,780  lb.  per  sq.  in. 
The  allowable  unit  stress  in  compression  «  16,000  lb.  per  sq.  in.  (Spec.  §  16). 
The  allowable  unit  stress  in  tension  *  16,000  lb.  per  sq.  in.  (Spec.  §  15). 
The  allowable  unit  stress  in  shear  «  10,000  lb.  per  sq.  in.  (Spec.  $  19). 
END  CONNECTIONS  FOR  TENSION  AND  COMPRESSION  MEMBERS.—For  simple 
connections  with  concentric  stresses  the  number  of  rivets  in  riveted  end  connections  may  be  taken 
as  equal  to  the  total  stress  in  the  member  divided  by  the  allowable  stress  on  one  rivet  for  bear- 
ing or  for  shear,  Table  1 14,  whichever  gives  the  larger  number  of  rivets.     Specifications  uni- 
formly require  that  the  connections  of  members  be  designed  to  develop  the  full  strength  of  the 
member.     The  minimum  number  of  rivets  in  shop  connections  should  be  two  rivets,  except  for 
lacing  bars;  while  the  minimum  number  of  rivets  in  field  connections  should  be  three  rivets, 
except  for  lacing  bars.     In  lateral  bracing  or  stiff  bracing  or  struts  the  actual  number  of  rivets 
required  to  develop  the  full  strength  of  the  member  should  be  increased  by  two  rivets,  for  the 
reason  that  two  rivet  holes  are  almost  certain  to  be  badly  distorted  by  the  drift  pins  in  draw- 
ing the  member  up.     Rivets  should  be  grouped  symmetrically  about  the  neutral  axis  of  the 
member  or  the  eccentric  stresses  should  be  calculated  and  provided  for.     The  strength  of  a  struc- 
ture depends  very  much  upon  the  strength  of  the  connections,  and  the  details  of  the  joints  and 
connections  should  be  worked  out  with  great  care. 
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References. — 1 49,  p.  58;  {  78,  S  79,  !  80,  {  81,  {  Sj.p.te;  {40,  S4i,p.  141;  S60,  {62,  p.  14a; 
5  63.  i  64. 1  65, 1 66,  S  74.  P-  143;  1  '8.  t  19.  p.  309:  !  37.  (  39.  !  40.  P-  "o;  i  41,  f  42,  j  5a,  p.  211  j 
i  74,  p.  212,  p.  319,  P-  223;  Tables  106  to  119  incluuve. 

Stntt  or  Tie. — Design  the  end  connection  for  a  4"  x  4"  x  ^"  angle,  carrying  a  stress  (either 
tensile  or  compressive)  of  40,000  lb.,  the  angle  being  fastened  by  both  legs  to  a  H  >»' pl^te  as  shown 
in  Fig.  3,  using  Ji  in.  rivets. 

Soiulion. — The  allowable  stress  on  one  ^  in.  rivet  in  single  shear  is  5,300  lb.  and  in  bearing 
on  a  ;^  in.  plate  is  6,750  lb.,  uung  13,000  lb.  per  sq.  m.  and  24,000  lb.  per  sq.  in.  as  the  allowable 
■tresses  in  shear  and  bearing,  respectively.  Table  114.  The  shear  evidently  controls,  and  the 
number  of  rivets  is 

40,000 


S.300 


-  7.6  O! 


Four  of  these  will  be  placed  in  the  main  angle  and  four  in  the  lug  ac^le.  In  order  to  transfer 
the  proper  portion  of  the  stress  to  the  lug  ar^Ie,  the  number  of  rivets  between  the  main  angle 
and  lug  angle  must  be  equal  to  the  number  of  rivets  in  the  lug  angle,  or  four  in  this  case. 

If  the  angle  is  connected  by  one  leg  only  the  eight  rivets  will  be  put  in  one  leg  as  shown  in 
F«.3. 

na-connect6d  Top  Chord. — Design  the  end  connection  for  the  top  chord  of  a  pin-connected 
bridge  as  shomi  in  Fig.  14.    Lei^h  center  to  center  of  pins  —  25'  o''.     Rivets  %  in- 

SoiutioH. — The  connections  should  be  designed  to  carry  the  full  strength  of  the  member  and 
not  the  stress  that  it  carries.  The  allowable  unit  stress  is/,  -  16,000  -  70  l/r  -  16,000  —  70  X 
-y— —  -  13,420  lb.  per  sq.  in.    Total  stress  -  13,420  X  51-84  -•  695,700  lb. 

The  entire  stress  of  695,000  lb.  must  be  transferred  from  the  member  to  the  pin  through  the 
|Mn  plates  and  web  plates.  In  the  body  of  the  member  the  stress  is  distributed  among  the  dif- 
ferent parts  in  proportion  to  the  gross  area,  or  as  follows: 


zwb.pi5.igxj\ 

Z  Top  l?.4x4xA' 
ZBoi.^.eUxf 


Area  ofSecthn'H  84i'nf 
pfGyrstm  =8JZia. 


Fig.  14.    End  Connection  of  Top  Chord. 


Item. 

MBt«i>I. 

Area  X  Uott  Stnaa  »  Total  Slma. 

Stnu  on  One  Side. 

I  Cover  Pkte 
1  Bottom  Angles 

20  in.  X  i  m. 
6"X4"xr 

■|.gX.,,,»-,8,,»o.b. 

30.00                     "            -    168,500     " 

11.71          "      -  IS7,JOO  " 

90,500  lb. 
44.4SO  "^ 

78,650  " 

SI.84  X  13,410  -  69S.700  lb. 

347,850  lb 

78.650 
9.190 
The  number  of  riveW  between  C  and  web.  B,  a  determined  by  single  shear,  and  is 
„  _  73.340  +  54.930  +  91.530  -  ^(90.500  +  44.450  +  78.650)  _  ,j  riiKts. 

End  Connectiom  for  I-Beuns. — The  end  connections  for  Carnegie  I-Beams  are  given  in 
Tables  117  and  116,  and  for  Bethlehem  I  and  Girder  Beams  in  Tables  136  and  157,  respectively. 
The  end  connections  for  short  beams,  and  for  beams  carrying  heavy  loads  should  be  carefully 
investigated  (or  direct  and  bending  stresses.  Rivets  should  never  be  us^  in  direct  teofion, 
Comiections  where  rivets  would  be  in  direct  tension  should  be  provided  with  turned  bolts. 

Eccentric  Riveted  Connections. — The  actual  shearing  stresses  in  riveted  connections  are 
tiften  very  much  in  excess  of  the  direct  shearing  stresses.  This  will  be  illustrated  by  the  calcula- 
tion of  the  shearing  stresses  in  the  rivets  in  the  standard  connection  shown  in  Fig.  15,  which  is 
assumed  as  loosely  bolted  to  a  column. 

The  eccentric  force,  P,  may  be  replaced  by  a  direct  force,  P,  acting  through  the  center  of 
gravity  of  the  rivets  and  parallel  to  its  original  direction,  and  a  couple  with  a  moment  M  —  P  X  3 
in.  —  60,000  in.-lb.  Each  rivet  in  the  connection  will  then  take  a  direct  shear  equal  to  P  divided 
by  H,  where  n  Is  the  total  number  of  rivets  in  the  connection,  and  a  shear  due  to  bending  moment  M, 

The  shear  in  any  rivet  due  to  moment  will  vary  as  the  distance,  and  the  resisting  moment 
exerted  by  each  rivet  will  vary  as  the  square  of  the  distance  of  the  rivet  from  the  center  of  gravity 
of  all  the  rivets. 
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NoU. — In  the  analysii  above  it  was  assumed  that  the  beam  connections  were  bolted  and 
that  the  bolts  would  not  transmit  tension  in  the  direction  of  their  lei^h.  If  the  connection  w 
bolted  or  riveted  rigidly  so  that  the  bolts  or  rivets  may  transmit  tension  (rivets  should  never 
transmit  tension)  in  the  direction  of  their  length,  the  redsting  moment  thus  developed  will  de- 
crease the  shearing  stresses  on  the  rivets  in  the  connection  due  to  bending  moment. 


Fio.  15.    Strbssbs  in  an  Eccentric  Rivetbd  Connection. 


Web  Splice. — The  plate  girder  shown  in  Fig.  16  is  to  be  spliced  at  a  section  where  the  bending 
moment  is  6.400,000  in.<1b.  and  the  shear  is  165,000  lb. 

Solttlion. — The  method  which  assumes  that  one-eighth  the  area  of  the  web  is  available  u 
flange  area  will  be  used.     The  formula  for  stress  in  the 
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V     V  total  shear  at  the  section. 
M    —  total  moment  at  the  section. 
2>t    —  number  of  rivets  on  one  side  of  the  splice. 

Xdf  —  the  sum  of  the  squares  of  the  distances  of  the  rivets,  on  one  side  of  the  splice,  from  the 
neutral  axis. 
The  joint  must  first  be  deigned  and  then  investigated.     The  number  of  rivets  required  i) 
several  rivets  in  excess  of  the  number  required  to  carry  the  direct  shear.     The  number  of  ^  in. 
rivets  required  for  shear  alone  is  determined  by  bearing  on  the  }^  in.  web  plate,  and  is 

»  -  7  - ','^~  -  15.6.  (T.bl.  114). 

A  joint  with  17  rivets  spaced  as  shown  in  Fig.  16  will  be  assumed.     An  odd  number  of  rivets 
aimplilies  the  calculation. 

V  -  165,000  lb. 
M  ••  6,400,000  in.-lb. 

rf,  =  16  in. 
SJ  -  2(3'  +  4'  + 


I"  +  10*  +  12'  +  14*  +  I6«)  -  163a  in.* 


DESIGN  OF   RIVETED  JOINTS. 
>D  the  outdde  rivet  will  be, 


//■l64,000\'   ,   /6,400,0OO  X  16\'         (   Hi', r  ,. 

The  allowable  value  of  r  for  a  J^  in.  rivet  is  14,400  lb.  in  double  shear  and  io,soo  lb.  i 
bearing  on  }4  in.  web  plate  (Table  114),  so  the  joint  is  satisfactory. 


ZL*6x6xi' 


Fig.  16.     Details  of  a  Web  Splice. 


Riveted  Joints  in  Cjlinder,  Pipe  oc  Tank. — A  cylinder  46  in.  in  diameter  is  to  be  designed  to 
carry  an  internal  pressure  of  lOo  lb.  per  sq.  in.  Compute  the  required  thickness  of  plate  and 
dengn  a  longitudinal  double  riveted  lap  joint  of  equal  efficiency  for  all  parts.  Reduce  to  com- 
mercial dimensions  and  investigate. 

Soiidio'i.—'^\\ti  unit  stresses  allowed  by  specifications  for  tanks  are /t  "  12.000  lb.  per  sq.  in.,. 
/.  —  13,000  lb.  per  sq.  in.,  /t  —  34,000  lb,  per  sq.  in.,  for  shop  joints. 
From  "Structural  Mechanics,"  Chapter  XVI. 

,  _      a/-      . a  X  34,000  - 

/,+3/.      ^3,000  + 3  X  34,000      "■'" 


i  -  - 


100  X  46 


J  _  4/.    f  _      4  X  24.o«i 

r-fv  3.I416  X  12,( 


-  X  .24  =  0.61  ii 


^-[,+=X-]rf-[.  +  l^^]xo.6,-3.05i. 


(160) 

(i6i) 

(I6e) 

(16^ 

This  joint  would  have  the  efficiencies  for  tension,  compression  and  shear  all  equal,  but  the 
ea  could  not  be  obtained  from  Mock  so  that  the  joint  must  be  altered  to  suit  commercial  sizes. 
Make  I  —  ^  in.,  d  ••  %  in.,  p  ~  3  in.,  and  investigate  the  joint. 

(I4d) 

(14a) 

{146) 

(i4e) 


—  11,200  lb.  per  sq.  i 
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area  of  the  cross-section  of  the  column,  and  c  «■  the  distance  from  the  neutral  axis  of  column 

W'l      70A-r*'l 
to  the  extreme  fiber  in  the  plane  parallel  to  the  plane  of  the  lacing  bars.    Then  —5—  =» , 

o       •  T'C 

A-r 

and  W  =  560 ,    Now  the  shear  in  the  column  will  be  5  =  IF/2,  and  the  shear  is  5  = 

c 

280 ,  and  the  stress  in  a  lacing  bar  will  be  =  280 X  esc  0,  where  0  «  the  angle  made  by 

c  c 

the  bar  with  the  axis  of  the  column.     In  a  laced  channel  column  the  shearing  stress  above  will  be 

taken  by  two  lacing  bars.     This  shows  that  the  stresses  in  the  lacing  bars  in  the  column  with  a 

concentric  loading  depend  upon  the  make-up  of  the  column,  and  are  independent  of  the  length 

of  the  column. 

Mr.  C.  C.  Schneider  by  a  somewhat  different  method  has  deduced  the  same  formula  on  page 
195  of  the  Report  of  the  Royal  Commission  on  Collapse  of  Quebec  Bridge,  1908. 

If  the  column  carries  a  direct  shear  in  addition  to  the  shear  due  to  the  concentric  load,  or  if 
the  column  has  an  eccentric  load  the  additional  shearing  stresses  must  be  considered  in  designing 
the  lacing.  The  total  stress  in  the  lacing  bar  will  be  the  total  shear  at  the  section  multiplied  by 
the  secant  of  the  angle  made  by  the  lacing  bar  with  the  axis  of  the  column. 
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PART  II. 
Structural  Tables, 


Ihtroductioii. — ^The  tables  in  Part  II  include  the  properties  of  simple  rolled  sections;  the 
properties  of  compound  sections;  the  properties  of  built-up  sections  for  columns,  struts  and 
chords;  safe  loads  for  angles,  beams  and  channels,  and  of  angle  struts;  properties  of  rivets  and 
riveted  joints,  and  miscellaneous  data  for  structural  design.  It  has  been  the  aim  to  give  tables 
and  data  that  will  be  of  use  to  the  designing  engineer  and  to  the  student  in  the  designing  room 
rather  than  to  give  safe  loads,  stresses  and  other  predigested  data  that  may  be  used  by  the  novice. 
To  this  end  properties  of  sections  are  given  while  safe  loads  for  columns  and  chords  have  been 
omitted.  Tables  of  trigonometric  functions  and  logarithms  and  other  tables  that  are  readily 
available  have  not  been  included.  The  tables  are  arranged  so  that  each  page  is  self-contained 
and  self-explanatory.  In  the  tables  the  properties  of  rolled  sections  are  grouped  together  for  ease 
in  reference,  and  are  followed  by  properties  of  built-up  sections.  The  tables  in  Part  II  are  num- 
bered  in  Arabic  numerals. 

Original  Tables.— Tables  3.  4,  5.  13,  19,  20,  21,  22,  32,  33,  34,  35,  36,  37,  38,  39,  40,  56,  57. 
58,  59»  60,  61,  62,  63,  64,  65,  66,  67,  68,  69,  70,  71,  72,  73,  74,  78,  79,  80,  81,  82,  83,  84,  85,  86. 
^7*  I34»  135  and  136,  covering  136  pages,  were  calculated  especially  for  this  book.  The  tables 
have  been  calculated  and  checked  vrith  great  care  and  are  believed  to  be  accurate.  These  tables 
are  fully  protected  by  copyright  and  are  not  to  be  copied  without  permission  from  the  author. 

The  properties  of  compound  sections  consisting  of  two  or  four  angles  or  of  two  channels, 
placed  in  different  relative  positions,  may  be  used  in  designing  struts,  columns  or  chords  where 
the  sections  are  held  together  by  means  of  lacing  and  tie  plates;  or  the  properties  of  built-up 
sections  may  be  obtained  by  combining  the  moments  of  inertia  of  the  compound  sections  and  the 
moments  of  inertia  of  one  or  two  plates  in  the  proper  relative  positions.  The  built-up  sections 
are  all  designed  to  comply  with  standard  specifications  and  with  the  standards  of  the  American 
Bridge  Co.  for  rivet  spacing  and  structural  details.  To  illustrate  the  use  of  the  tables  of  compound 
sections  in  building  up  struts,  columns  and  chords,  a  one  page  table  is  given  for  each  built-up 
section  in  common  use,  in  which  the  properties  for  the  usual  proportions  are  given  and  the  methods 
for  calculating  additional  values  by  using  the  key  tables  of  compound  sections  are  given.  The 
method  of  calculating  the  properties  of  built-up  sections  by  using  the  moments  of  inertia  of  com- 
pound sections  is  shown  in  Table  I. 

STANDARD  TABLES.— The  other  tables  in  Part  II  have  been  taken  from  Carnegie  Steel 
Company*s  "Pocket  Companion,"  Cambria  "Steel,"  American  Bridge  Company's  "Book  of 
Standards/*  and  other  sources  to  which  credit  has  been  given.  Many  of  the  copied  tables  have  been 
rearranged  and  extended.  The  properties  of  I -Beams  in  Table  7,  properties  of  channels  in  Table 
14,  and  properties  of  angles  in  Table  23  and  Table  24  were  taken  from  American  Bridge  Com- 
pany's "  Book  of  Standards,"  but  have  been  checked  with  the  recent  edition  of  Carnegie's  "  Pocket 
Companion." 
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TOP  CHORD  SECTIONS.— The  top  chord  sections  given  in  Tables  82  to  86  were  calculated 
to  comply  with  the  standard  sp>ecifications  which  follow,  unless  otherwise  noted  in  the  tables. 

Specifications. — ^All  top  chord  sections  shall  comply  with  the  following  requirements. 

Thickness  of  Metal. — The  minimum  thickness  of  metal  shall  be  }i  in.  for  highway  bridges 
^nd  J^  in.  for  railway  bridges. 

Cover  Plates, — The  cover  plate  shall  have  a  thickness  not  less  than  one-fortieth  {^)  the  dis- 
tance between  gage  lines  of  rivets  in  the  flange  angles  on  each  side  of  the  section.  The  cover 
plate  shall  always  have  the  minimum  thickness  that  will  comply  with  the  above  requirements. 

Web  Plates. — ^The  web  plates  shall  have  a  thickness  not  less  than  one-thirtieth  (iV)  the 
distance  between  gage  lines  of  rivets  in  the  flange  angles  in  the  line  of  stress.  As  much  of  the 
metal  as  practicable  shall  be  concentrated  in  the  web  plates  and  flange  angles. 

Proportions  of  Chord  Section. — ^There  shall  be  a  top  cover  plate  which  shall  have  a  minimum 
thickness  permitted  by  the  specifications.  As  much  of  the  metal  as  possible  shall  be  concentrated 
in  the  web  plates  and  flange  angles.  The  top  and  bottom  angles  shall  be  so  selected  as  to  bring 
the  neutral  axis  of  the  section  as  near  the  center  of  the  web  plates  as  practicable.  The  moments 
of  inertia  of  the  section  about  the  two  rectangular  axes  shall  be  approximately  equaL 
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23.06 

25.63 

28.19 

30-75 

33.31 

35.88 

3844 

41-00 

4* 

2.62; 

5-250 

7.87s 

10.50 

'3-13 

15.75 

ia.38 

21,00 

23-63 

26.25 

18.88 

31-50 

34-13 

36.75 

39.38 

42J» 

43 

5-375 

8.063 

10.75 

■3-44 

;6..3 

18.81 

21.50 

24.19 

26.88 

29-56 

32.2s 

34-94 

37.63 

40-31 

43 -oo 

44 

2.750 

S-Soo 

8.250 

11.00 

13-75 

19.25 

24.75 

27-50 

30-25 

33.00 

35-75 

38.50 

41.25 

44«> 

4! 

2.8.J 

5.625 

8.438 

11.25 

14-06 

16,88 

19.69 

22.50 

25.31 

28.13 

30.94 

33-75 

36.56 

3938 

42.19 

4500 

46 

1-875 

5.750 

8.625 

ii.SO 

14-38 

17.25 

20.13 

23.00 

25.88 

28.75 

31.63 

34.50 

37.38 

40.25 

43-13 

46.00 

*S 

1.938 

S.87S 

8.813 

11.75 

14.69 

17.63 

WS6 

23-50 

26.44 

29.38 

32-31 

3S-2S 

38.19 

41.13 

44.06 

47.00 

48 

'■9.000 

12-00 

15.00 

iS.oo 

24.00 

17.OD 

30.00 

33-00 

36.00 

39-00 

41 /» 

4500 

48.00 

AxsAS  Of  Baks  and  Plates. 


Squake  Inc 

HES. 

width. 

ThickDCM.  lochea.                                                                 | 

A 

I 

A 

i 

A 

1 

ft 

i 

A 

1 

Hi     i 

H 

1 

JLI_!_ 

49 

J.06 

6.13 

9.19 

11.Z5 

15.31 

18.38 

Vi'ts 

24-50 

27.S6 

30,63 

33-69136.75 

39-81 

41.88 

45.94149.00 

SO 

J-I3 

6.1! 

9.38 

u-So 

'S-63 

18.7s 

25-00 

18.13 

31-25 

34.38:37-50 

40.63 

43-75 

46.88  50.00 

S' 

J'9 

6.38 

9-56 

11.75 

lS-94 

19.13 

12.31 

25.50 

28,69 

31,88 

35,0638.15 

41-44 

44-63 

47.81:51.00 

5» 

3-»S 

6.50 

9-75 

13.00 

16.15 

19.50 

12.75 

16.00 

29.25 

32-50 

35-75  39-00 

42.2s 

45-50 

48.75'52,oo 

S3 

3>3i 

6.63 

9-94 

i3-iS 

'^■1^ 

19-S8 

23-19 

26.50 

19,81 

33.13 

36,44 

39-75 

43-06 

46.38 

49.69  53,00 

S4 

3-38 

6.7S 

10.13 

iJ-50 

16.88 

10.15 

13,63 

17.00 

30,38 

33-75 

37,13 

40,50 

43.88 

47.25 

50.63 

54,00 

S5 

3.44 

6.8)j 

10.31 

1 3 -75 

17-19 

20.63 

I+.06 

27.50 

30.94 

34.38 

37-81 

41-25 

44.69 

48,13 

51-56 

SS-oo 

S6 

3  5° 

7.00 

10.50 

14.00 

17.50 

21.00 

24-50 

18.00 

31.50 

35.00 

38.50 

42.00 

45.50 

49-00 

52.50 

56.00 

S7 

3-S6 

7.13 

10.69 

14.25 

17.81 

21.38 

2494 

28.50 

31-06 

35-63 

39.19 

42.7s 

46-31 

49.88 

53-44 

S7-0O 

S8 

3.63 

7-15 

10.88 

14.50 

.8,13 

21-75 

25.38 

29.00 

31.63 

36.25 

39-88 

43-50 

47-13 

S0.75 

54.38 

58.00 

S9 

3.69 

7.3B 

iix>6 

14-75 

'8.44 

22.13 

25.81 

29.50 

33-19 

36.88 

40.56 

44,25 

47-94 

51.63 

55,31:59-00 

60 

3.7s 

7-SD 

11.2s 

15.00 

18.75 

22.50 

26.15 

30.00 

33-75 

37-So 

41-25 

45.00 

48-75 

52.50 

56.25.60,00 

61 

3-8i 

7,63 

11.44 

15.25 

19.06 

21.88 

26.69 

30.50 

14-31 

38,13 

41.94  45.75 

49-56 

53.38 

57.19.61,00 

61 

3.88 

7-75 

11.63 

'S-SO 

19.3S 

23-2S 

27.13 

31.00 

34.88 

38.75 

42.63,46.50 

50.38 

54-25 

58.13J62/X. 

63 

3-94 

7.88 

11.81 

iS-75 

19.69 

13.63 

17.56 

31.50 

35.44 

39.38 

43.31 

47-15 

51,19 

55.13 

59.0663.00 

64 

4.00 

8,00 

24.00 

18.00 

32.00 

36,00 

40,00 

48.00 

52.00 

56.00 

60.0064.00 

65 

4x56 

8.13 

1 1. 19 

16.15 

10.J1 

14-38 

18.44 

32.50 

36,56 

40.63 

44.69 

48,7s 

52.81 

56.88 

60,9465.00 

66 

4-13 

8.JS 

ii.jg 

16.50 

20.63 

14-75 

28.88 

33-00 

37-13 

45-38 

49.50 

53-63 

S7-75 

61,8866.00 

67 

419 

8.3B 

12.S6 

i6-7S 

10.94 

25-13 

29-Ji 

33 -SO 

37-69 

t'i.ls 

46/36 

50.25 

54-44 

58-63 

62.81  67.00 

68 

4*5 

8.S0 

11.7s 

17,00 

11.15 

25.50 

29-75 

34-00 

38.15 

42.50 

46.7s 

51,00 

SS-15 

59-50 

63.75  68.00 

69 

4-3 « 

8.63 

12.94 

17.25 

21.56 

25.88 

30.19 

34-50 

38. 8 1 

43-13 

♦7-44 

51-75 

56.06 

60.38 

64,69  69.00 

70 

4-38 

B.75 

13.13 

17.50 

21.88 

26.25 

30-63 

35.00 

39-38 

43-75 

48-13 

51:50 

56.88 

61.25 

65.63  70.00 

7' 

4-44 

8.88 

13-31 

"7-75 

21.19 

26.63 

31,06 

35-SO 

39-94 

44-38 

48.81 

53-25 

57.69 

61-13 

66,56  71.00 

7i 

4-50 

9.00 

13 -SO 

18.00 

21.50 

27  x» 

3 '-SO 

36.00 

40-50 

45.00 

49.50 

54.00 

58.50 

67.5072.00 

7J 

4.56 

913 

13-69 

18.15 

21.81 

27-38 

3"-94 

36-50 

41-06 

45.63 

50.19 

54-75 

59-11 

63.88 

68.44 

73-00 

74 

4-63 

9»S 

13.88 

18.50 

23.13 

27.75 

32.38 

37-00 

41-63 

46.25 

SO-88  55.50 

60.13 

64-75 

69.38 

74-00 

^ 

4.69 

9.38 

14.06 

.8.75 

23-44 

2B.1, 

32.81 

3750 

41,19 

46-88 

51-56 

56.15 

60.94 

ik-^^ 

70.31 

75-00 

76 

4-7S 

9.50 

14.15 

19.00 

23.75 

18.50 

33-15 

38.00 

42.75 

47.SO 

52.15 

57-00 

61.75 

66.50 

71.25 

76,00 

77 

4.81 

9.63 

'4-44 

19.15 

28.88 

33-69 

38,50 

43.31 

48.13 

52.94 

57-75 

61.56 

67-38 

72.19 

77-00 

78 

4.88 

9-7S 

14.63 

19.50 

24.38 

29.25 

34-13 

39.00 

43-88 

48.75'S3-63 

58,50 

63-18 

68.15 

73.13178,001 

79 

4-94 

9.88 

14.81 

19-75 

14.69 

19.63 

34-56 

39.50 

44.44 

49-38,54-3'l59-25 

64.19 

69-13 

74.06,79,001 

80 

!.oo 

1S.00 

25.00 

30.00 

35-00 

40,00 

45.00 

;o.oo 

55.00,60.00 

65.00 

70.00 

75,00 

80.00 

81 

S.06 

10.13 

15.19 

10.15 

iS-31 

30.38 

35-44 

40-50 

45.56 

50,63 

SS.69l60.75 

65-81 

70.88 

7S.94 

Bi,oo 

82 

S.13 

lo.JS 

15.3820.50 

25.6] 

30.75 

35-88 

41.00 

40-13 

51-25 

56.38,61.50 

66.63 

71-75 

76,88 

8z.oo 

8J 

5.19 

10.38 

15.56 

20.75 

25.94 

31-13 

36.31 

41.50 

46,69 

51-88 

57-o6 

62,25 

67-44 

71.63 

77.81 

8J.00 

84 

5^5 

10.  JO 

IS-7S 

16.15 

31.50 

36.75 

42.00 

47-25 

51,50 

S7-75 

63.00 

68.15 

73-50 

78.7s 

84.00 

^ 

S-3I 

10.63 

15-94 

11.15 

16.56 

31-88 

37-19 

41.50 

47,81 

53-13 

58-44 

63,75 

69.06 

74.38 

79,69 

85.00 

S-3B 

I0.7S 

16.13 

11.50 

16.88 

32.15 

37-63 

43-00 

48.J8 

53-7! 

59,13 

64.50 

69.88 

75-25 

80.S 

86,00 

8? 

10.88 

16.41 

12.61 

i8.o6 

iS.a± 

(□.Si 

6c,it 

TO.6Q 

■76.U 

!ll.i;6 

TABLE  2. 
Weights  of  Steel  Bars  and  Plates. 


Pounds 

PER 

Lineal  Foot. 

width. 

Inches. 

Thicknesa.  Inches. 

.053 

.106 

.159 

i 
.213 

A 

i 

A 
.37 

43 

.48 

1 
.53 

.58 

i 

.64 

H 

.69 

1    1   H 

I 
.85 

.27     .32 

.74 

.80 

i 

.106 

.213 

.319 

•425 

.53 

.64 

.74 

.85 

.96 

1.06 

1. 17 

1.28 

1.38 

1.49 

1.59 

1.70 

1 

.159 

.319 

.478 

.638 

.80 

.96 

1. 12 

1.28 

1.43 

1.59 

1.75 

1.91 

2.07 

2.23 

2.39 

2.5s 

I 

.213 

425 

.638 

.850 

1.06 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

2.55 

2.76 

2.98 

3.19 

340 

li 

.266 

.531 

.797 

1.063 

1.33 

1.59 

1.86 

2.13 

2.39 

2.66 

2.92 

3.19 

345 

3.72 

3.98 

4.2s 

I 

.319 

.638 

.956 

1.275 

1.59 

1.91 

2.23 

2.55 

2.87 

3.19 

3.51 

3.83 

4.14 

4.46 

4.78 

5.10 

li 

.372 

.744 

1. 116 

1.488 

1.86 

2.23 

2.60 

2.98 

3.35 

3.72 

4.09 

4.46 

4.83 

5.21 

5.58 

§?5 

2 

.425 

.850 

1.275 

1.700 

2.13 

2.55 

2.98 

3.40 

3.83 

4.25 

4.68 

5.10 

5.53 

5.95 

6.38 

6.80 

2i 

.478 

.956 

1.434 

1.913 

2.3Q 

2.87 

3.35 

3.83 

4.30 

4.78 

5.26 

5.74 

6.22 

6.69 

7.17 

7.65 

2 

•531 

1.063 

1.594 

2.125 

2.66 

3.19 

3.72 

4.25 

4.78 

5.31 

5.84 

6.38 

6.91 

7.44 

7.97 

8.50 

21 

.584 

1. 169 

1.753 

2.338 

2.92 

3.51 

4.09 

4.68 

5.26 

5.84 

6.43 

7.01 

7.60 

8.18 

8.77 

935 

3 

.638 

1.275 

1.913 

2.550 

• 

3.19 

3.83 

4.46 

5.10 

5.74 

6.38 

7.01 

7.65 

8.29 

8.93 

9.56 

10.20 

si 

.691 

1.381 

2.072 

2.763 

345 

4.14 

4.83 

5.53 

6.22 

6.91 

7.60 

8.29 

8.98 

9.67 

10.36 

11.05 

4 ' 

.744 

1.488 

2.231 

2.975 

3.72 

4.46 

5.21 

5.95 

6.69 

7.44 

8.18 

8.93 

9.67 

I04i|ii.i6 

11.90 

•797 

1-594 

2.391 

3.188 

3.98 

4.78 

5.58 

6.38 

7.17 

7-97 

8.77 

9.56 

10.36 

ii.i6!ii.95 

12.75 

.850 

1.700 

2.550 

3.400 

4.25 

5.10 

5.95 

6.80 

7.65 

8.50 

9.35 

10.20 

11.05 

11.90 

12.75 

13.60 

4} 

.903 

1.806 

2.709 

3.613 

4.52 

5.42 

6.32 

7.23 

8.13 

9.03 

9.93 

10.84 

11.74 

12.64 

13.55 

1445 

.956 

1.913 

2.869 

3.825 

4.78 

5.74 

6.69 

7.65 

8.61 

9.56 

10.52 

11.48 

1243 

13.39 

14.34 

15.30 

4t 

1.009 

2.019 

3.028 

4.038 

5.05 

6.06 

7.07 

8.08 

9.08 

10.09 

II. 10 

12.11 

13.12 

14.13 

15.14 

16.15 

1.063 

2.125 

3.188 

4.250 

5.31 

6.38 

7.44 

8.50 

9.56 

10.63 

11.69 

12.75 

13.81 

14.88 

15.94 

17.CO 

5' 

1. 116 

2.231 

3.347 

4.463 

5.58 

6.69 

7.81 

8.93 

10.04 

II. 16 

12.27 

13.39 

14.50 

15.62  16.73 

17.85 

e- 

1. 169 

2.338 

3.506 

4.675 

5.84 

7.01 

8.18 

9.35  10.52 

11.69 

12.86 

14.03 

15.19 

16.3617.53 

18.70 

3i 

1.222 

2.444 

3.666 

4.888 

6.1 1 

7.33 

8.55 

9.78  11.00 

12.22 

13.44 

14.66 

15.88 

17.11  18.33 

19.55 

6 

1. 275 

2.550 

3.825 

5.100 

6.38 

7.65 

8.93 

10.20 

11.48 

12.75 

14.03 

15.30 

16.58 

17.85  19.13 

2040 

6i 

1.328 

2.656 

3.984 

5.313 

6.64 

7.97 

9.30 

10.63 

11.95 

13.28 

14.61 

15.94 

17.27 

18.59  19.92 

21.25 

6} 

1.381 

2.763 

4.144 

5.525 

6.91 

8.29 

9.67  11.05 

12.43 

13.81 

15.19 

16.58 

17.96 

19.3420.72 

22.10 

61 

1.434 

2.869 

4.303 

5.738 

7.17 

8.61 

10.04^11.48 

12.91 

14.34 

15.78 

17.21 

18.65 

20.0821.52 

22.95 

7 

1.488 

2.975 

4.463 

5.950 

7.44 

8.93 

10.41 

11.90 

13.39 

14.88 

16.36 

17.85 

19.34 

20.83  22.31 

23.80 

7i 

7I 

1.541 

3.081 

4.622 

6.163 

7.70 

9.24 

10.78 

12.33 

13.87 

15.41 

16.95 

18.49 

20.03 

21.57  23.11 

24.65 

1-594 

3.188 

4.781 

6.375 

7.97 

9.56 

II. 16  12.75 

14.34 

15.94 

17-53 

19.13 

20.72 

22.31I23.91 

25.50 

7i 

1.647 

3.294 

4.941 

6.588 

8.23 

9.88 

11.53  13.18 

14.82 

16.47 

18.12 

19.76 

21.41 

23.0624.70 

26.35 

8 

1.700 

3.400 

5.100 

6.800 

8.50 

10.20 

11.90 

13.60 

15.30 

17.00 

18.70 

20.40 

22.10 

23.8025.5027.20 

81 

1.753 

3.506 

5.259 

7.013 

8.77 

10.52 

12.27 

14.03 

15.78 

17.53 

19.28 

21.04 

22.79 

24.54  26.30  28.05 

1.806 

3.613 

5.419 

7.225 

9.03  10.84 

12.64  14.45 

16.26 

18.06 

19.87 

21.68 

23.48  25.29'27.09;28.90 
24.17  26.03  27.89,29.75 

8i 

1.859 

3.719 

5.578 

7.438 

9.30  II.  16 

13.02  14.88 

16.73 

18.59 

20.45 

22.31 

9 

1.913 

3.825 

5.738 

7.650 

9.56  11.48 

13.39 

15.30 

17.21 

19.13 

21.04 

22.95 

24.86  26.78  28.69  30.60 

9^ 

1.966 

3.931 

5.897 

7.863 

9.83 

11.79 

13.76 

15.73 

17.69 

19.66 

21.62 

23.59 

25.5527.522948:3145 

9} 

2.019 

4.038 

6.056 

8.075 

10.09  1 2. 1 1 

14.13 

16.15 

18.17 

20.19 

22.21 

24.23 

26.24 

28.26  30.28  32.30 

9f 

2.072 

4.144 

6.216 

8.288 

10.3612.43 

14.50  16.58 

18.65 

20.72 

22.79 

24.86 

26.93 

29.01^31.0833.15 

10 

2.125 

4.250 

6.375 

8.500 

10.63 

12.75 

14.88 

17.00 

19.13 

21.25 

23.38 

25.50 

27.63 

29.7531.88 

34.00 

10} 

2.178 

4.356 

6.534 

8.713 

10.89 

13.07 

15.25 

17.43 

19.60 

21.78 

23.96 

26.14 

28.32 

30.49 

32.67 

34.85 

10) 

2.231 

4.463 

6.694 

8.925 

II. 16  13.39 

15.62 

17.85 

20.08 

22.31 

24.54 

26.78 

29.01 

31.24 

3347 

35.70 

io| 

2.284 

4.569 

6.853 

9.138 

11.42  13.71 

15.99 

18.28 

20.56 

22.84 

25.13 

27.41 

29.70 

31.98 

34.27 

36.55 

II 

2.338 

4.675 

7.013  9.35c 

11.69,14.03 

16.36 

18.70 

21.04 

23.38 

25.71 

28.05 

30.39 

32.73 

35.06 

3740 

Hi 

2.391 

4.781 

7.1729.563 

11.95  H-34 

16.73 

19.13 

21.5223.91 

26.30  28.69 

31.08 

33.47 

35.86 

38.25 

ii| 

2.444 

4.888 

7.331,9775 

12.22  14.66 

17.11I19.55 

2 1 -991 24.44 

26.88  29.33 

31.77 

34.21 

36.66 

39.10 

III 

2.497 

4.994 

7.491  9.988 

12.48)14.98 

17.48' 19.98 

22.47 

24.97 

27.47 

29.96 

32.46 

34.96 

3745 

39-95 

12 

2.550 

5.100 

7.650  10.20j12.75  15.30 

1 7.85 '20.40 

22.95  25.50 

28.05 

30.60 

33.15 

35.70 

38.25 

40.80 

12 


TABLE  2,— Continued. 
Weights  of  Steel  Bars  and  Plates. 


Pounds 

\  PER 

Lineal  Foot. 

width. 
Inches. 

ThickneM.  Inches. 

2.66 

5.31 

7-97 

i 
10.63 

13.28 

1 

15.94 

18.59 

21.25 

A 

1 
26.56 

29.2 

319 

H 

34.5 

i 
37.2 

H 

39.8 

I 

I2j 

42.5 

13, 

2.76 

5-53 

8.29 

11.05 

13.81 

16.58 

19.34 

22.10 

24.86 

27.63 

30.4 

33.2 

35.9 

38.7 

414 

44.2 

I3i 

2.87 

5.74 

8.61 

11.48 

14.34 

17.21 

20.08 

22.95 

25.82 

28.69 

31.6 

344 

37.3 

40.2 

43.0 

45? 

14 

2.98 

5-95 

8.93 

11.90 

14.88 

17.85 

20.83 

23.80 

26.78 

29.75 

32.7 

35.7 

38.7 

41.7 

44.6 

47.6 

I4i 

3.08 

6.16 

9.24 

12.33 

15.41 

18.49 

21.57 

24.65 

27.73 

30.81 

33-9 

37.0 

40.1 

43.1 

46.2 

49.3 

15, 

3.19 

6.38 

9.56 

12.75 

15.94 

19.13 

22.31 

25.50 

28.69 

31.88 

35.1 

38.3 

414 

44.6 
46.1 

47.8 

51.0 

'0 

3.29 

6.59 

9.88 

13.18 

16.47 

19.76 

23.06 

26.35 

29.64 

32.94 

36.2 

39.5 

42.8 

494 

52.7 

16 

3.40 

6.80 

10.20 

13.60 

17.00 

20.40 

23.80 

27.20 

30.60 

34.00 

374 

40.8 

44.2 

47.6 

510 

544 

16J 

351 

7.01 

10.52 

14.03 

17.53 

21.04 

24-54 

28.05 

31.56 

35.06 

38.6 

42.1 

45.6 

49.1 

52.6 

56.1 

17, 

3.61 

7.23 

10.84 

14.45 

18.06 

21.68 

25.29 

28.90 

32.51 

36.13 

39.7 

44.6 

47.0 

50:6 

54.2 

57.8 

i7i 

3-72 

7-44 

II. 16 

14.88 

18.59 

22.31 

26.03 

29.75 

33.47 

37.19 

40.9 

48-3 

52.1 

55.8 

59.5 

18 

3.83 

7.6s 

11.48 

15.30 

19.13 

22.95 

26.78 

30.60 

34.43 

38.25 

42.1 

45.9 

49-7 

53.6 

574 

61.2 

i8i 

3.93 

7M 

11.79 

15.73 

1966 

23-59 

27.52 

31.45 

35.38 

39.31 

43.2 

47.2 

51.1 

55.0 

59.0 

62.9 

^^, 

4-04 

8.08 

12.11 

16.15 

20.19 

24.23 

28.26 

32.30 

36.34 

40.38 

44.4 

48.5 

52.5 

56.5 

60.6 

6^.6 

i9i 

4.14 

8.29 

12.43 

16.58 

20.72 

24.86 

29.01 

33.15 

37.29 

41.44 

45.6 

49-7 

53.9 

58.0 

62.2 

66.3 

20 

4.25 

8.50 

12.75 

17.00 

21.25 

25.50 

29-75 

34.00 

38.25 

42.50 

46.8 

51.0 

55-3 

59.5 

63.8 

68.0 

20| 

4.36 

8.71 

13.07 

17.43 

21.78 

26.14 

30.49 

34.85 

39.21 

43.56 

47-9 

52.3 

56.6 

61.0 

65.3 

69.7 

21 

4.46 

8.93 

13-39 

17.85 

22.31 

26.78 

31.24 

35.70 

40.16 

44.63 

49-1 

53-6 

58.0 

62.5 

669 

714 

2li 

4.57 

9.14 

13.71 

18.28 

22.84 

27.41 

31.98 

36.55 

41.12 

45.69 

50.3 

54-8 

594 

64.0 

68.5 

73.1 

22 

4.68 

9.35 

14.03 

18.70 

23.38 

28.05 

32.73 

37.40 

42.08 

46.75 

51.4 

56.1 

60.8 

65-5 

70.1 

74.8 

22| 

4.78 

9.56 

14.34 

19.13 

23.91 

28.69 

33-47 

38.25 

43.03 

47.81 

52.6 

574 

62.2 

66.9 

71.7 

76.5 

23 

4.89 

9.78 

14.66 

1955 

24.44 

29.33 

34.21 

39.10 

43.99 

48.88 

53.8 

58.7 

63-5 

68.4 

73.3 

78.2 

23  i 

4.99 

9-99 

14.98 

19.98 

24.97 

29.96 

34.96 

39-95 

44.94 

49-94 

54.9 

59.9 

64.9 

69.9 

74.9 

79.9 

24 

5.10 

10.20 

15.30 

20*40 

25.50 

30.60 

35.70 

40.80 

45.90 

51.00 

56.1 

61.2 

66.3 

714 

76.5 

81.6 

*5 

5.31 

10.63 

15.94 

21.25 

2656 

31.88 

37.19 

42-50 

47.81 

53-13 

584 

63.8 

69.1 

74.4 

79-7 

85.0 

26 

5-53 

11.05 

16.58 

22.10 

27.63 

33.15 

38.68 

44.20 

49-73 

55-25 

60.8 

66.3 

71.8 

77.4 

82.9 

88.4 

27 

5.74 

11.48 

17.21 

22.95 

28.69 

34.43 

40.16 

45.90 

51.64 

57.38 

63.1 

68.9 

74-6 

80.3 

86.1 

91.8 

28 

5.95 

11.90 

17.85 

23.80 

29.75 

35.70 

41.65 

47.60 

53.55 

59.50 

65.5 

714 

774 

83.3 

89.3 

95.2 

29 

6.16 

12.33 

18.49 

24.65 

30.81 

36.98 

43.14 

49.30 

5546 

61.63 

67.8 

74-0 
76.5 

80.1 

86.3 

92.^ 
95.6 

98.6 

30 

6.38 

12.75 

19.13 

25.50 

31.88 

38.25 

44.63 

51.00 

57.38 

63.75 

70.1 

82.9 

89.3 

102.0 

31 

6.59 

13.18 

19.76 

26.35 

3294 

39.53 

46.11 

52.70 

59.29 

65.88 

72.5 

79.1 

85.6 

92.2 

98.8 

1054 

32 

6.80 

13.60 

20.40 

27.20 

34.00 

40.80 

47.60 

54.40 

61.20 

68.00 

74.8 

81.6 

884 

95.2 

102.0 

108.8 

33 

7.01 

14.03 

21.04 

28.05 

35.06 

42.08 

49.09 

56.10 

63.11 

70.13 

77.1 

84.2 

91.2 

98.2 

105.2 

1 12.2 

34 

7-23 

14.45 

21.68 

28.90 

36.13 

43.35 

50-58 

57.80 

65.03 

72.25 

79-5 

86.7 

93.9 

101.2 

108.4 

1 15.6 

3$ 

7.44 

14.88 

22.31 

29-75 

37.19 

44.63 

52.06 

59.50 

66.94 

74.38 
76.50 

81.8 

89.3 

96.7 

104. 1 

1 1 1.6 

1 19.0 

36 

7.65 

15.30 

22.95 

30.60 

38.25 

45.90 

53.55 

61.20 

68.85 

84.2 

91.8 

99.5 

107. 1 

114.8 

122.4 

37 

7.86 

15.73 

23.59 

31.45 

39.31 

47.18 

55.04 

62.90 

70.76 

78.63 

86.5 

96.9 

102.2 

1 10. 1 

117.9 

125.8 

38 

8.08 

16.15 

24.23 

32.30 

40-38 

48.45 

56.53 

64.60 
66.30 

72.68 

80.75 

88.8 

105.0 

113. 1 

121. 1 

129.2 

39 

8.29 

16.58 

24.86 

33.15 

41.44 

49-73 

58.01 

74.59 
76.50 

82.88 

91.2 

99.5 

107.7 

116  0 

124.3 

132.6 

40 

•8.50 

17.00 

25.50 

34.00 

42.50 

51.00 

59.50 

68.00 

85.00 

93.5 

102.0 

1 10.5 

1 19.0 

127.5 

136.0 

41 

8.71 

17-43 

26.14 

34.85 

43.56 

52.28 

60.99 

69.70 

7841 

87.13 

95.8 

104.6 

113.3 

122.0 

130.7 

1394 

42 

8.93 

17.85 

26.78 

35.70 

44.63 

53-55 

6248 

71.40 

80.33 

89.25 

98.2 

107. 1 

1 16.0 

125.C 

133-9 

142.8 

43 

9.14 

18.28 

2741 

36.55 

45.69 

54.83 
56.10 

63.96 

73.10 

82.24 

91.38 

100.5 

109.7 

1 18.8 

127.9 

137.1 

146.2 

44 

9.35 

18.70 

28.05 

37.40 

46.75 

65.45 

74.80 

84.15 

93.50 

102.9 

112.2 

121.6 

1309 

140.3 

149.6 

45 

9.56 

19.13 

28.69 

38.25 

47.81 

57.38 

66.94 

76.50 

86.06 

95-63 

105.2 

1 14.8 

124.3 

133.9 

1434 

153.0 

46 

9.78 

19.55 

29.33 

39.10 

48.88 

58.65 

6843 

78.20 

87.98 

97.75 

107.5 

1 17.3 

1 27. 1 

136.9 

146.6 

1564 

47 

9-99 

19.98 

29.96 

39.95 

49-94 

59.93 

69.91 

7990 

89.89 

99.88 

109.9 

1 19.9 

129.8 

139.8 

149.8 

159.8 

48 

10.20 

2a40 

30.6c 

40.80 

51.00 

61.20 

7i.4o|8i.6o 

91  80 

102.0 

112.2 

122.4 

132.6 

1428 

153.0 

163.2 
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TABLE  2,—Cotainued. 
Weights  op  Steel  Bars  and  Plates. 


Pounds  per  Lineal  Foot. 


Width, 

Inches. 

10.4 

i 

20.8 

31.2 

i 
417 

49 

50 

10.6 

21.3 

31.9 

42.5 

SI 

10.8 

21.7 

32.5 

43-4 

52 

II. I 

22.1 

33.2 

44.2 

S3 

1 1.3 

22.5 

33.8 

451 

54 

1 1.5 

2^3.0 

34.4 

45-9 

55 

11.7 

23.4 

35.1 

46.8 

56 

119 

23.8 

357 

47.6 

57 

12.1 

24.2 

36.3 

48.5 

58 

12.3 

24.7 

370 

49-3 

59 

12.5 

25.1 

37.6 

50.2 

60 

12.8 

^5-5 

38.3 

51.0 

61 

13.0 

25.9 

389 

51.9 

62 

13.2 

26.4 

39-5 

52.7 

63 

13.4 

26.8 

40.2 

53-6 

64 

13.6 

27.2 

40.8 

54-4 

H 

13.8 

27.6 

41.4 

55-3 

66 

14.0 

28.1 

42.1 

56.1 

67 

14.2 

28.5 

427 

57.0 

68 

14s 

28.9 

43-4 

57.8 

69 

14.7 

29.3 

44.0 

58.7 

70 

14.9 

29.8 

44.6 

595 

71 

15.1 

30.2 

45.3 

60.4 

72 

15.3 

30.6 

45-9 

61.2 

73 

15.S 

31.0 

46.5 

62.1 

74 

157 

31-5 

47.2 

62.9 

75 

iS-9 

31.9 

47.8 

63.8 

76 

16.2 

32.3 

48.5 

64.6 

77 

16.4 

32.7 

49.1 

65-5 

78 

16.6 

33.2 

497 

66.3 

79 

16.8 

33.6 

504 

67.2 

80 

17.0 

34.0 

Si.o 

68.0 

81 

17.2 

34-4 

51.6 

68.9 

82 

17.4 

34-9 

52.3 

69.7 

83 

17.6 

35-3 

529 

70.6 

84 

17.9 

357 

53.6 

71.4 

^1 

18.1 

36.1 

54.2 

72.3 

86 

18.3 

36.6 

54.8 

73.1 

87 

18.S 

37.0 

55-5 

74.0 

88 

18.7 

37.4 

56.1 

748 

89 

18.9 

37.8 

56.7 

757 

90 

19.1 

38.3 

57.4 

76.5 

91 

19.3 

387 

58.0 

77.4 

92 

19.6 

39.1 

58.7 

78.2 

93 

19.8 

39.5 

59-3 

791 

94 

20.0 

40.0 

59.9 

79-9 

95 

20.2 

40.4 

60.6 

80.8 

96 

20.4 

40.8 

61.2 

81.6 

97 

20.6 

41.2 

61.8 

82.5 

98 

20.8 

41.7 

62  5 

83.3 

99 

21.0 

42.1 

63  I 

84.2 

100 

21.3 

42.5 

63.8 

85.0 

Thickness,  Inches. 


52-1 

53.1 
54.2 

55.3 
56.3 

57.4 
58.4 
59.5 
60.6 
61.6 
62.7 
63.8 

64.8 
65.9 
66.9 
68.0 

69.1 
70.1 
71.2 
72.3 

73.3 
74  4 
754 
76.'; 

77.6 
78.6 

797 
80.8 

81.8 
82.9 

83.9 
85.0 

86.1 
87.1 
88.2 

89.3 
90.3 
91.4 
92.4 

93-5 
94.6 
95.6 
96.7 
97.8 

98.8 

99.9 

100.9 

102.0 

103. 1 
104. 1 
105.2 
106.3 


I 


62.5 
63.8 
65.0 
66.3 

67.6 
68.9 
70.1 

714 
72.7 
74.0 

75-2 
76.5 

77.8 
79.1 
80.3 
81.6 

82.9 
84.2 

85.4 
86.7 

88.0 
89.3 
90.5 
91.8 

93.1 

944 
95.6 

96.9 
98.2 

995 
00.7 

02.0 

03-3 
04.6 

05.8 

07.1 

08.4 
09.7 
10.9 
12.2 

13-5 
14.8 

16.0 
17-3 
18.6 
19.9 
21. 1 
22.4 

237 
25.0 

26.2 
27.5 


A 

i 

72.9 

83.3 

744 

85.0 

75-9 

86.7 

774 

88.4 

78.8 

90.1 

80.3 

91.8 

81.8 

93.5 

83.3 

95.2 

84.8 

96.9 

86.3 

98.6 

87.8 

100.3 

89.3 

102.0 

90.7 

103.7 

92.2 

105.4 

937 

107. 1 

95.2 

108.8 

96.7 

110.5 

98.2 

112.2 

997 

113.9 

01.2 

II5-6 

02.6 

117.3 

04.1 

1 19.0 

05.6 

120.7 

07.1 

122.4 

08.6 

1 24. 1 

10. 1 

125.8 

11.6 

127.5 

13. 1 

129.2 

14.5 

130.9 

16.0 

132.6 

17-5 

134.3 

19.0 

136.0 

205 

1377 

22.0 

139.4 

23-5 

141. 1 

25.0 

142.8 

26.4 

144.5 

27.9 

146.2 

29.4 

147-9 

30.9 

149.6 

32.4 

151.3 

33.9 

153.0 

354 

1547 

36.9 

156.4 

38.3 

1^8.1 

39.8 

159.8 

413 

161.5 

42.8 

163.2 

44-3 

164.9 

45.8 

166.6 

47.3 

168.3 

48.8 

170.0 

f 


937 
95.6 

97.5 
99.5 
01.4 
03.3 
05.2 
07.1 

09.0 
10.9 
128 
14.8 

16.7 
18.6 
20.5 
22.4 

24.3 
26.2 
28.1 
30.1 
32.0 

33.9 

35.8 

377 
39.6 
41.5 

43  4 
454 

47.3 
49.2 

51.1 

53.0 

54-9 
56.8 

58.7 
60.7 

62.6 
64.5 
66.4 
68.3 

70.2 
72.1 
74.0 
76.0 

77.9 
79.8 
81.7 
83.6 

85.5 
874 

89.3 
913 


04.1 
06.3 
08.4 
10.5 

12.6 
14.8 
16.9 
19.0 

21. 1 
23.3 

254 
27.5 
29.6 
31.8 

33.9 
36.0 

38.1 
40.3 
42.4 

44.5 
46.6 
48.8 
50.9 
53.0 

55.1 

57-3 

594 
61.5 

63.6 
65.8 
67.9 
70.0 

72.1 

74-3 
76.4 

78.5 
80.6 

82.8 
84.9 
87.0 

89.1 

91.3 
934 
95.5 
97.6 
99.R 
201.9 
204.0 

206.1 

208.3 
210.4 
212.5 


H 


14.5 
16.9 

19.2 

21.6 

23.9 
26.2 
28.6 
30.9 

33.2 
35.6 

37.9 
40.3 

42.6 
44.9 

47.3 
49.6 

S1.9 

54.3 
56.6 

59.0 

61.3 
63.6 
66.0 
68.3 

70.6 
730 

75-3 
77-7 
80.0 
82.3 

84.7 
87.0 

89.3 
91.7 
94.0 
964 

98.7 
201.0 

203.4 

205.7 

208.0 
210.4 
212.7 
215. 1 

217.4 
219.7 
222.1 
224.4 

226.7 
229.1 
231.4 
233.8 


f 


25.0 

27.5 
30.1 

32.6 

35.2 

37.7 
40.3 

42.8 

454 

47.9 
50.5 

53.0 

55.6 
58.1 
60.7 
63.2 

65.8 
68.3 
70.9 

73  4 
76.0 

78.5 
81. 1 

83.6 

862 
88.7 
91.3 
93.8 

96.4 

98.9 

201.5 

204.0 

206.6 
209.1 
211.7 
214.2 

216.8 
219.3 
221.9 
224.4 

227.0 
229.5 
232.1 
234.6 

237.2 

239.7 
242.J 
244.8 

2474 
249.9 

252.5 

255.0 


H 


354 
38.1 

40.9 
43.7 
46.4 
492 
51.9 
54.7 

57.5 
60.2 

63.0 

65.8 

68.5 

713 
74.0 

76.8 

79.6 

82.3 

85.1 

87.9 

90.6 

934 
96.1 

98.9 

201.7 
204.4 
207.2 
210.0 

212.7 

215.5 
218.2 

221.0 

223.8 
226.5 
229.3 
232.1 

234.8 
237.6 
240.3 
243.1 

2459 
248.6 

251.4 

254.2 

256.9 

2597 
262.4 
265.2 

268.0 
270.7 

273.5 
276.3 


i 


45.8 
48.8 

517 
54.7 

577 
60.7 
63.6 
66.6 

69.6 
72.6 

75-5 
78.5 

81.5 

845 
874 
904 

934 
96,4 

99.3 
202.3 

205.3 
208.3 
211.2 
214.2 

217.2 
220.2 
223.1 
226.1 

229.1 

232.1 
235.0 
238.0 

241.0 
244.0 
246.9 
249.9 

252.9 

255.9 
258.8 

261.8 

264.8 
267.8 
270.7 
273.7 
276.7 

279.7 
282.6 

285.6 

288.6 
291.6 

294.5 
297.5 


H 


1562 

1594 
162.6 

165.8 

168.9 
172. 1 

175-3 
178.5 

181.7 
184.9 
188.1 
191.3 

1944 
197.6 

200.8 

204  JO 

207.2 
210.4 
213.6 
216.8 

219.9 
223.1 

226.3 
229.5 

232.7 

235.9 
239.1 

242.3 

2454 
248.6 

251.8 

255.0 

258.2 
261.4 
264.6 
267.8 

2709 
274.1 

277.3 


166.6 
170JO 

1734 
176.8 

180.2 
183.6 
1870 
1904 

193.8 
197.2 

2C0.6 

2040 

207.4 

210.8 
214.2 

217.6 

221.0 
2244 
227.8 
231.2 

234.6 
238.0 

2414 

244^ 


248.2 
251.6 

255-0 
2584 
261.8 
265.2 
26S.6 
272X 

2754 
278.8 

282.2 

285.6 

289.0 

2924 
295.8 
280.51299.2 

283.71302.6 


286.9 
290.1 

293.3 
296.4 


306X) 

3094 
312.8 

316.2 


299.6^319.6 

302.81323.0 
306.0  3264 

329.8 


309.2 
3124 


333-2 


315.6336.6 
318.8340.0 
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TABLE  3. 
Moments  op  Inbrtia  of  Plates,  Axis  i-i. 


Momenu  of  Inertia 

•  J 

1                                           About 

of  One  Plate. 

1 

i 

Axis  i-z. 

1^ 

ThickneM  of  Plate  in  Inches. 

i 

A 

i 

A 

1 

A 

1 

H 

1 

if 

i 

H 

X 

2.6 

H 

3.9 

4.6 

5.2 

5.9 

6.5 

7.2 

7.8 

8.5 

9.1 

9.8 

10.4 

4.5 

5.6 

6.8 

7.9 

9.0 

10. 1 

11.3 

19.6 

135 

14.6 

15.8 

16.9 

18.0 

7 

7.1 

8.9 

10.7 

12.5 

14.3 

16. 1 

17.9 

214 

23.2 

25.0 

26.8 

28.6 

8 

10.7 

13.3 

16.0 

18.7 

21.3 

24.0 

26.7 

29.3 

32.0 

34.7 

37.3 

40.0 

60.7 

9 

15.2 

19.0 

22.8 

26.6 

304 

34.2 

38.0 

41.8 

45.6 

494 

53.2 

57.0 

lO 

20.8 

26.0 

31.3 

36.5 

41.7 

46.9 
62.4 

52.1 

57.3 

62.5 

67.7 

72.9 

78.1 

83.3 

II 

27.7 

34.7 

41.6 

48.5 

55.5 

69.3 

76.3 

83.2 

90.1 

97.0 

104.0 

1 10.9 

12 

36.0 

45.0 

li-° 

63.0 

72.0 

81.0 

90.0 

99.0 

108.0 

II  7.0 

126.0 

135.0 

144.0 

13 

45-8 

57.2 

68.7 

80.1 

91.5 

103.0 

1144 

125.9 

137.3 

148.8 

160.2 

171.6 

183. 1 

H 

57.* 

71.5 

85.8 

100.0 

114.3 

128.6 

142.9 

• 

157.2 

171.5 

185.8 

200.1 

2144 

228.7 

15 

70.3 

87.9 

105.5 

123.0 

140.6 

158.2 

175.8 

1934 

210.9 

228.5 

246.1 

263.7 

281.2 

i6 

85.3 

106.7 

128.0 

149.3 

170.7 

192.0 

213.3 

234.7 

256.0 

277.3 

298.7 

320.0 

341.3 

17 

102.4 

127.9 

153.5 

179.1 

204.7 

230.3 

2559 

281.5 

307.1 

332.7 

358.2 

383.8 

4094 

i8 

121.5 

151.9 

182.3 

212.6 

243.0 

273.4 

303.8 

334.1 

364.5 

394.9 

425.3 

455.6 

486.0 

19 

142.9 

178.6 

214.3 

250.1 

285.8 

321.5 

357.2 

393.0 

428.7 

4644 

500.1 

535.9 

571.6 

20 

166.7 

208.3 

250.0 

291.7 

333.3 

375.0 

416.7 

458.3 

500.0 

541.7 

583.3 

625.0 

666.7 

21 

192.9 

241.2 

289.4 

337.6 

385.9 

434.1 

482.3 

530.6 

578.8 

627.0 

675.3 

723.5 

771.7 

22 

221.8 

277.3 

332.7 

388.2 

443.7 

499.1 

554.6 

610.0 

665.5 

721.0 

7764 

831.9 

887.3 

23 

253.5 

316.9 

380.2 

443.6 

507.0 

570.3 

633.7 

697.1 

7604 

823.8 

887.2 

950.6 

IOI3.9 

H 

288.0 

360.0 

432.0 

504.0 

576.0 

648.0 

720.0 

792.0 

864.0 

936.0 

1008.0 

1080.0 

1 152.0 

25 

3255 

406.9 

488.3 

569.7 

651.0 

732.4 

813.8 

895.2 

976.6 

1057.9 

"393 

1220.7 

1 302. 1 

26 

366.2 

4577 

549.3 

640.8 

732.3 

823.9 

915.4 

1007.0 

1098.5 

1190.0 

1281.6 

1373.1 

1464.7 

27 

410. 1 

512.6 

615. 1 

717-6 

820.1 

922.6 

1025.2 

1 127.7 

1230.2 

1332.7 

1435.2 

1537.7 

1640.3 

28 

457-3 

571.7 

686.0 

800.3 

914.7 

1029.0 

1 143.3 

1257.7 

1372.0 

1486.3 

1600.7 

1715.0 

1829.3 

^ 

508.1 

635.1 

762.2 

889.2 

1016.2 

1 143.2 

1270.3 

1397.3 

1524.3 

165 1.3 

17784 

19054 

20324 

30 

562.5 

703.1 

843.8 

984-4 

1125.0 

1265.6 

1406.3 

1546.9 

1687.5 

1828.1 

1968.8 

21094 

2250.0 

31 

620.6 

775-8 

931.0 

1086. 1 

1241.3 

1396.5 

1551.6 

1706.8 

1861.9 

2017.1 

2172.3 

23274 

2482.6 

32 

682.7 

853-3 

1024.0 

1 194.7 

1365.3 

1536.0 

1706.7 

1877.3 

2048.0 

2218.7 

2389.3 

2560.0 

2730.7 

33 

748.7 

935-9 

1123.0 

13 10.2 

1497.4 

1684.5 

1871.7 

2058.9 

2246.1 

2433.2 

2620.4 

2807.6 

2994.8 

34 

818.8 

1023.5 

1228.2 

1433.0 

1637.7 

1842.4 

2047.1 

2251.8 

2456.5 

2661.2 

2865.9 

3070.6 ,3275.3 

!i 

893.2 

1 1 16.5 

1339.8 

1563.2 

1786.5 

2009.8 

2233.1 

2456.4 

2679.7 

2903.0 

3126.3 

3349-6  3572-9 

972.0 

1215.0 

1458.0 

1701.0 

1944.0 

2187.0 

2430.0 
2638.2 

2673.0 

2916.0 

3159.0 

3402.0 

3645.0  3888.0 

37 

1055.3 

1319.1 

1582.9 

1846.7 

2 1 10.5 

2374.4 

2902.0 

3165.8 

3429.6 

36934 

3957-3  4221. 1 

38 

1143.2 

1429.0 

1714.7 

2000.5 

2286.3 

2572.1 

2857.9 

3143.7 

3429.5 

3715.3  4001. 1 

4286.9  4572.7 

39 

1235.8 

1544.8 

1853.7 

2162.7 

2471.6 

2780.6 

3089.5 

3398-5 

3707.4 

4016.4 

4325.3  4634.3 

4943.2 

40 

1333.3 

1666.7 

2000.0 

2333.3 

2666.7 

3000.0 

3333.3 

3666.7 

4000.0 

4333.3 

4666.7 

5000.0 

5333-3 

41 

1435.9 

1794.8 

2153.8 

2512.7 

2871.7 

3230.7 

3589.6 

3948.6 

4307.6 

4666.5 

5025.5 

5384.5 

5743-4 

42 

1543.5 

1929.4  2315.3 

2701. 1 

3087.0 

3472.9 13858.8 

4244.6 

4630.5 

5016.4 

5402.3 

5788.2 

6174.0 

43 

1656.4 

2070.5  2484.6 

2898.7 

3312.8 

3726.9  4141.0 

4555.0 

4969.2 

5383.3 

5797.4 

6211.5 

6625.6 

44 

1774.7 

2218.3  2662.0 

3105.7 

3549.3 

3993.0  4436.7 

4880.3 

5324.0 

5767.7 

621 1.3 

6655.0  7098.7 
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TABLE  3. — Continued. 
Moments  of  Inertia  of  Plates,  Axis  i-i. 


Momenta  of  Inertia 

1  i 

m 

1 

About 

of  One  Plate. 

— 1 

Asia  i-i. 

a 

a   . 

i 

45 

Thickness  of  Plate  in  Inches.                               1 

k 

A 

1 

A 

\ 

ft 

i 

H 

1 
5695 

H 

I 

H 

I 

1898 

2373 

2848 

3322 

Z797 

4271 

4746 

5221 

6170 

6645 

7119 

7594 

46 

2028 

2535 

3042 

3549 

4056 

4563 

5070 

5577 

6083 

6590 

7097 

7604 

8111 

47 

2163 

2704 

3244 

3785 

4326 

4867 

5407 

5948 

6489 

7030 

7570 

8111 

8652 

48 

2304 

2880 

3456 
3677 

4032 

4608 

5184 

5760 

6336 

6912 

7488 

8064 

8640 

9216 

49 

2451 

3064 

4289 

4902 

5515 

6128 

6740 

7353 

7966 

8579 

9191 

9804 

.  50 

2604 

3255 

3906 

4557 

5208 

5859 

6510 

7161 

7812 

8464 

9II5 

9766 

10417 

5^ 

2929 

3662 

4394 

5126 

5859 

6591 

7323 

8056 

8788 

9520 

10253 

10985 

11717 

54 

3280 

4101 

4921 

5741 

6561 

7381 

8201 

9021 

9841 

10662  1 1482 

12302  j  13 122 

56 

3659 

4573 

5488 

6403 

n^i 

8232 

9147 

10061 

10976 

II891I  12805 

13720  14635 

58 

4065 

5081 

6097 

7113 

8130 

9146 

10162 

11178 

12194 

1321I 

14227 

I5H3 

16259 

60 

4500 

5625 

6750 

7875 

9000 

10125 

11250 

12375 

13500 

14625 

15750 

16875 

18000 

62 

4965 

6206 

7448 

8689 

9930 

1 1 172 

12413 

13654 

14895 

16137  17378 

18619  19861 

^ 

5461 

6827 

8192 

9557 

10923 

12288 

13653 

1 5019 

16384 

17749  191 15 

20480  21845 

5989   7487 

8984 

10482 

"979 

13476 

H974 

1647 I  17968 

19466  20963 

22461'  23958 

68 

6551 

8188 

9826 

11464 

13101 

14739 

16377 

18014 

19652 

21290 

22927 

24565  26203 

70 

7145 

8932 

10719 

12505 

14292 

16078 

17865 

1965 1 

21437 

23224 

25010 

26797'  28583 

72 

7776 

9720 

11664 

13608 

15552 

17496 

19440 

21384 

23328 

25272 

27216  29160  3II04I 

74 

8442 

10553 

12663 

14774 

16884 

18995 

21105 

23216 

25326 

27437'  29548  31658  33769 

76 

9145  '"432 

13718 

16004 

1 829 1 

20577 

22863 

25150 

27436 

29722,  32009  34295  36581 

78 

9886  !  12358 

14830 

17301 

19773 

22245 

24716 

27188 

29659 

32131 

34603  37074  39546 

80 

10667  13333 

16000 

18667 

21333 

24000 

26667 

29333 

32000 

34667 

37333  40000  42667 

82 

11487  14359 

17230 

20102 

22974 

25845 

28717 

31589 

34460 

37332  40204'  43076,  45947 

II 

12348  15435 

18522 

21609 

24696 

27783 

30870 

33957 

37044 

40131'  43218  46305  49392 

1 3  25 1  16564 

19877 

23190 

26502 

29815 

33128 

36441 

39753 

430661  46379'  49692  53005 

88 

14197 

17747 

21296 

24845 

28395 

31944 

35493 

39043 

42592 

4614I1  49691  53240,  56789 

1            1 

90 

15187 

18984 

22781 

26578 

30375 

34172 

37969 

41766 

45562 

49359,  53156  56953  60750 

92  16223  20278 

24334 
25956 

28390 

32445 

36501 

40557 

44612 

48668 

52724  56779  60835  64891 

94  s  17304  21630 

30282 

34608 

38934 

43260  47586 

51911 

56237  60563  64889  69215 

96  18432  23040 

27648 

32256 

3686A 
39216 

41472 

46080  50688 

55296 

59904  64512  69120 

73728 

98 

19608  24510 

29412 

343  H 

44118 

49020 

53922 

58824 

63727 

68629  73531 

78433 

too 

20833  26042 

31250 

36458 

41667 

46875 

52083 

57292 

62500 

67708  72917 

78125 

83333 

102 

22108  .  27636 

33163 

38690 

44217 

49744 

55271  60798 

66325 

71853  77380 

82907 

88434 

104 

23435  29293 

35152 

41011 

46869 

52728 

58587  64445 

70304 

76163  82021 

87880 

93739 

106 

24813  1  31016 

37219 

43422 

49626 

55829 

62032  68235 

74438 

80642;  86845  93048,' 

99251 

108 

26244  32805 

39366 

45927 

52488 

59049 

65610 

72171 

78732 

85293  91854 

1 

98415104976 

no 

27729  34661 

41594 

48526 

55458  62391 

69323 

76255 

83187 

90120  97052  103984' 1 10917 

112  29269  36587 

43904 

51221 

58539  65856 

73173 

80491 

87808 

95125  102443  109760  n7077 

11^  130865  '38582 
no  32519  40648 

46298 

54015 

6173 1 

69447 

77164 

84880 

92596 

1003 1 3  108029  II 5746  123462 

48778 

56908 

65037 

73167 

81297 

89426 

97556 

105686  113815121945I130075 

118  34230  42787 

51345 

59902 

68460  77017 

85575 

94132 

102689 

1 1 1247' 1 19804  128362  136919 

120  16000  !  Acooo 

54000 

63000 

72000  81000 

Qoooo  cic^'vr^^ 

108000' 

1 17000  1^6000  itcooo' 

144000I 

TJ 

\n^ 

7:r 

1 

-•'   1 
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TABLE  4. 
Moments  op  Inertia  op  Plates,  Axis  3-3. 


%*_ 

.  A  _     _  J 

f  Inertia 

?,  ' 

About 

Momenu  m 

? 

of  One 

Plate. 

7///////AmA 

Axis  2-2. 

^mmmm 

Width 
in 

TmcKNBss  or  Platb  in  Incbbs. 

InctiM* 

i 

A 

1 

A 

i 

A 

1 

H 

f 

H 

i 

H 

X 

5 

.01 

.01 

.02 

.03 

•^5 

.07 

.10 

■M 

.18 

.22 

.28 

.34 

42 

6 

.01 

.02 

•03 

.04 

.06 

.09 

.12 

.21 

.27 

.33 

41 

.SO 

7 

.01 

.02 

•03 

•®l 

.07 

.10 

■\% 

.19 

.as 

.31 

.39 

48 

.58 

8 

.01 

.02 

.04 

.06 

.08 

.12 

.22 

.28 

.36 

4S 

•55 

.67 

9 

.01 

.02 

.04 

.06 

.09 

.13 

.18 

.24 

.32 

.40 

.50 

.62 

'75 

10 

^I 

.03 

.04 

.07 

.10 

•'§ 

.20 

.27 

.3S 

4S 

.56 

.69 

.83 

II 

^I 

.03 

.05 

.08 

.11 

.16 

.22 

.30 

.39 

49 

.61 

.76 

.92 

la 

.02 

.03 

.05 

.08 

•13 

.18 

•^ 

.33 

4a 

.S4 

.67 

.82 

1.00 

1$ 

.oa 

•03 

.06 

.09 

•14 

.19 

.3S 

.46 

.58 

.73 

.89 

1.08 

14 

.02 

.04 

X36 

.10 

.15 

.21 

.28 

.38 

.49 

.63 

.78 

.96 

1.17 

IS 

.02 

.04 

.07 

.10 

.16 

.22 

.31 

41 

•5| 

.67 

.84 

1.03 

I.2S 

z6 

.02 

•o* 

.07 

.11 

.17 

.24 

.33 

•^1 

.56 

.72 

.89 

1. 10 

1.33 

17 

J02 

.04 

.07 

.12 

.18 

.as 

.35 

46 

.60 

.76 

.9S 

1.17 

1.42 

18 

.02 

.05 

.08 

.13 

.19 

.27 

.37 

.49 

.63 

.80 

1. 00 

1.24 

I. SO 

X9 

.02 

.05 

.08 

.13 

.20 

.28 

.39 

.51 

.67 

.85 

1.06 

1.30 

i.S8 

>o 

.03 

.05 

.09 

.14 

.21 

.30 

41 

.S4 

.70 

.89 

1. 12 

1.37 

1.67 

ai 

.03 

.05 

.09 

•15 

.22 

.31 

.43 

•§7 

.74 

.94 

1.17 

1.44 

1.7s 

aa 

.03 

.06 

.10 

•'§ 

.23 

.33 

.45 

.60 

'77 

.98 

1.23 

LSI 

1.83 

2$ 

.03 

.06 

.10 

.16 

.24 

'H 

.47 

.62 

.81 

1.03 

1.28 

i-S^ 

1.92 

M 

.03 

.06 

.11 

.17 

.as 

.36 

.49 

.65 

.84 

1.07 

1.34 

1. 6s 

2.00 

as 

.03 

.06 

.11 

.17 

.26 

.37 

SI 

.68 

.88 

1. 12 

1.40 

1.72 

2.08 

a6 

.03 

.07 

.11 

.18 

.27 

.39 

.53 

.70 

.91 

1. 16 

1.4s 

1.79 

2.17 

a7 

CH 

.07 

.12 

.19 

.28 

40 

'SI 

•73 

.95 

1.21 

1.51 

1. 8s 

2.2s 

aS 

.04 

.07 

.12 

.20 

.29 

.42 

'57 

.76 

.98 

1.25 

1.56 

1.92 

2.33 

39 

.04 

.07 

.13 

.20 

.30 

43 

.S9 

.79 

1.02 

1.30 

1.62 

1.99 

242 

SO 

.04 

.08 

.13 

.21 

.31 

.44 

.61 

.81 

I. OS 

1.34 

1.67 

2.06 

2.S0 

3a 

CH 

.08 

.14 

.22 

.33 

.47 

% 

.87 

1. 12 

1.43 

1.79 

2.20 

2.67 

34 

.04 

.09 

H 

H 

.3S 

•so 

.92 

1.20 

I.S2 

1.90 

2.33 

2.83 

36 

•05 

.09 

.16 

.«5 

.38 

•53 

.73 

.98 

1.27 

1. 61 

2.01 

247 

3.00 

38 

.05 

.10 

.17 

.^7 

40 

.56 

'77 

1.03 

1.34 

1.70 

2.12 

2.61 

317 

40 

•OS 

.10 

.18 

.28 

.42 

.S9 

.81 

1.08 

I.4I 

1.79 

2.23 

2.75 

3-33 

4» 

•®5 

.11 

.18 

.29 

1^ 

.62 

.8s 

1. 14 

1.48 

1.88 

2.34 

2.88 

3.50 

44 

.06 

.11 

.19 

31 

.65 

.90 

1. 19 

i-SS 

1.97 

2.46 

3.02 

3.67 

46 

.06 

.12 

.20 

.32 

.48 

.68 

.94 

1.25 

1.62 

2.06 

2.57 

3.16 

3.83 

48 

.06 

.12 

.21 

•33 

.50 

.71 

.98 

1.30 

1.69 

2.15 

2.68 

3.30 

4.00 

50 

.07 

.13 

.22 

'H 

•sa 

.74 

1.02 

I-3S 

1.76 

2.23 

2.79 

3.43 

4.17 

S» 

.07 

.13 

.23 

.36 

■.li 

'77 

I. OS 

1. 41 

1.82 

2.32 

2.90 

3S7 

4.33 

S4 

.07 

.14 

.24 

.38 

.80 

1. 10 

1.46 

1.90 

2.41 

3.01 

3-71 

4.50 

S6 

.08 

.14 

.25 

•39 

.S8 

.83 

1. 14 

1.52 

1.96 

2.S0 

3.13 

3.8s 

4.67 

58 

^ 

•15 

•*5 

41 

.60 

.86 

1. 18 

I.S7 

2.04 

2.S9 

3.24 

3.98 

4.83 

60 

.08 

•15 

.26 

4a 

.63 

.89 

1.22 

1.63 

2.11 

2.68 

3.3s 

4.12 

S-oo 
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TABLE  5. 
Moments  of  Inertia  of  Two  Plates  One  Inch  Wide,  Axis  X-X. 


— 



1 

1 

I r 

] 

liloments  of  Inertia                         X 
of  Two  Plates                               '^ 

A 

For  Distances 
Measured 

One  Inch  Wide.                                                                        j 

from 

Axis  X-X.                                                                         ; 

Inside  to  Inside 

,. .t. 

1 

<-— 1-'-  -> 

d 
Ins. 

5, 

Thickness  of  Plate  in  Indies. 

i 

A 

1 

A 

i 

A 

i 

ih 

1 

ii 

i 

H 

X 

i 

1.6 

3-4 

4-4 

5.4 

6.5 

7.6 

8.7 

9.9 

II.2 

12.5 

13.8 

15.2 

16.6 

18.2 

5- 

3.8 

4.8 

§•9 

7.1 

8.3 

9.5 

10.8 

12.2 

13.6 

15.0 

16.5 

18.1 

19.7 

1.8 

5 

4.1 

5.3 

6.5 

7-7 

9.0 

10.4 

11.8 

13.2 

14.7 

16.3 

17.9 

19.6 

21.3 

2X> 

5i 

4.5 

5-7 

7.0 

8.4 

9.8 

11.2 

12.7 

14-3 

159 

17.6 

19.3 

21. 1 

22.9 

2.2 

6 

4-9 

6.2 

7.6 

9-1 

10.6 

12.1 

13.8 

^•i 

17.2 

18.9 

20.7 

22.7 

247 

2.3 

6i 

5.3 

6.7 

8.2 

9.8 

11.4 

13. 1 

14.8 

16.6 

18.5 

20.4 

22.3 

24.4 

26.5 

2.5 

6 

1-7 

7-3 

8.9 

10.5 

12.3 

14.1 

15.9 

17.8 

19.8 

21.8 

23.9 

26.1 

28.3 

27 

6i 

6.1 

7.8 

9.5 

11.3 

13.2 

15. 1 

17.0 

19.1 

21.2 

23.3 

25.5 

27.8 

30.2 

3-0 

7 

6.6 

8.4 

10.2 

12.1 

14. 1 

16. 1 

18.2 

20.4 

22.6 

24.9 

27.2 

29.7 

322 

3-2 

7: 

7 

7.0 

8.9 

10.9 

12.9 

15.0 

17.2 

19.4 

21.7 

24.1 

26.5 

29.0 

31.6  1    34.2 

3-4 

7.5 

9.5 

I1.6 

13.8 

16.0 

18.3 

20.7 

23.1 

25.6 

28.2 

30.8 

33-5 

36.3 

3.6 

7i 

8.0 

10.2 

124 

14.7 

17.0 

19-5 

22.0 

24-5 

27.2 

29.9 

32.7 

35.5 

384 

3-9 

8 

8.5 

10.8 

13.2 

15.6 

18.1 

20.6 

23.3 

26.0 

28.8 

31.6 

34.6 

37.6 

40.7 

4-1 

8- 
S 

9.0 

11.5 

14.0 

16.5 

19.2 

21.9 

24:7 

27-5 

30.5 

33-5 

36.5 

39-7 

43.0 

^•i 

9.6 

12.1 

14.8 

175 

20.3 

23.1 

26.1 

29.1 

32.2 

35-3 

38.6 

41 -9  ;    45-3 

4.6 

8J 

10. 1 

12.8 

15.6 

18.5 

21.4 

24.4 

27.5 

30.7 

33-9 

37.2 

40.6 

44.1 

47-7 

4.9 

9^ 

10.7 

13.6 

16.5 

19.5 

22.6 

25-7 

29.0 

32.3 

35.7 

39.2 

42.8 

464 

50.2 

5-2 

9l 

11.3 

14.3 

17.4 

20.5 

23.8 

27.1 

30.5 

34.0 

37.6 

41.2 

45.0 

48.8 

52.7 

^i 

^t 

11.9 

15.0 

18.3 

21.6 

25.0 

28.5 

32.1 

35.7 

39.5 

43.3 

47.2 

51.2  ,    55.3  i 

1-^ 

9f 

12.5 

15.8 

19.2 

22.7 

26.3 

29.9 

33-7 

37-5 

41.4 

45.4 

49.5 

53-7 

57.9 

6.1 

10 

13. 1 

16.6 

20.2 

23.8 

27.6 

31.4 

35.3 

39.3 

43-4 

47.6 

51.9 

56.2 

60.7     64 

lO} 

13.8 

17.4 

21.2 

25.0 

28.9 

32.9 

37.0 

41.2 

45.5 

49.8 

54.3 

58.8 

63.5     6.7 

lOj 

14.5 

18.3 

22.2 

26.2 

30.3 

34-5 

38.7 

43.1 

47.5 

52.1 

56.7 

61.5      66.3  ;  7»i  1 

loi 

15.1 

19.1 

23.2 

27.4 

31.7 

36.0 

40.5 

45.0 

49-7 

54-4 

59.2 

64.2 

69.2  !  74 

II 

15.8 

20.0 

24.3 

28.6 

33.1 

37.6 

42.3 

47.0 

51.9 

56.8 

61.8 

66.9 

72.2     7-7 

Hi 

16.5 

20.9 

25.4 

29.9 

34.5 

39.3 

44.1 

49.0 

54.1 

59.2 

64.4 

69.8      75.2     8.1 1 

Hi 

17.3 

21.8 

26.5 

31.2 

36.0 

40.9 

46.0 

51. 1 

56.4 

61.7 

67.1 

72.7 

78.3     84 

iii 

18.0 

22.7 

276 

32.5 

37.5 

42.7 

47.9 

53.2 

58.7 

64.2 

69.8 

75.6 

814  1  8.8 

12 

18.8 

23.7 

28.7 

33.9 

39.1 

44.2 

49.8 

55.4 

61.0 

66.8 

72.6 

76.8 

847  ,  9.2 

I2l 

19.5 

24.7 

29.9 

35-2 

40.7 

46.2 

51.8 

57.6 

63.5 

69.4 

75.5 

81.7      88.0  '  9.6 

12^ 

20.3 

25.7 

31. 1 

36.6 

42.3 

48.0 

53-9 

59.8 

65.9 

72.1 

78.4 

84.8      91.3    10.0 

I2i 

21. 1 

26.7 

32.3 

38.1 

43.9 

49-9 

SS-9 

62.1 

68.4 

74.8 

81.3 

88.0 

94.7;  104 

'3. 

21.9 

27.7 

33-6 

39-5 

45.6 

51.8 

58.1 

64.5 

71.0 

77.6 

84.3 

91.2      98.2   10.8 

I3i 

22.8 

28.8 

34-8 

41.0 

47.3 

53.7 

60.2 

66.8 

73.6 

80.4 

87.4 

94.5  '  101.7  '  11.2 

'^ 

23,6 

29.8 

36.1 

42.5 

49.0 

55.6 

62.4 

69.3 

76.2 

83.3 

90.5  .    97-8  1 

105.3    11^ 

I3J 

24-5 

30.9 

37.4 

44.0 

50.8 

57.6 

64.6 

71.7 

78.9 

86.2 

93.7 

101.3 

108.9  1 12.0 

H, 

25.4 

32.0 

38.8 

45.6 

52.6 

59.7 

66.9 

74.2 

81.7 

89.2 

96.9 

104.7    112.7   12.5 

Hi 

26.3 

331 

40.1 

47.2 

54.4 

61.7 

69.2 

76.8 

84.5 

92.3 

100.2 

108.3  '  116.5    12.9 

Hi 

27.2 

34.3 

41.5 

48.8 

56.3 

63.8 

71.5 

79-4 

873 

95.3 

103.5 

III. 9    120.3    134 

i4i 

28.1 

35.5 

42.9 

50.5 

58.2 

66.0 

73.9 

82.0 

90.2 

98.4 

106.9 

115.5     124.2   13.8 

15^ 

29.1 

36.7 

44-3 

52.1 

60.1 

68.1 

76.3 

84.7 

93.1 

101.7 

110.4 

119.2 

128.2    143 

'4 

30.0 

37-9 

45.8 

53.9 

62*0 

70.4 

78.8 

87.4 

96.1 

104.9 

"39 

123.0 

132.2  1 14-8 

'Si 

31.0 

39.1 

47.3 

55.6 

64.0 

72.6 

81.3 

90.1 

99-1 

108.2 

II  7.4 

126.8     136.3  '  15-5 

154     32-0  i 

40.3 

48.7 

57-3 

66.0 

749 

83.8 

92.9 

102.2 

111.5 

121.0 

110.7    1404!  15-7. 

For  Mo 

mcnt  of  Inertia,  deducting  for  rivet  holes,  multiply  tabular  va 

lue  by  net  width. 

J 
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TABLE  S.—  ConUnued. 
Moments  op  Inertia  op  Two  Plates  One  Inch  Wide,  Axis  X-X. 


n 

X 

1 

Moments  of  Inertia 

X                      X     \ 

For  Distances 

of  Two  Plates 

r-                                       ^ 

Measured 

One  Inch  Wide, 

• 
1 

i 

Tom 

AzisX-X. 

1 
i 

Inside 

to  Inside. 

<— -I---> 

d 
Ins. 

l6 

Thickness  of  Plate  in  Inches. 

k 

A 

1 

A 

\ 

ft 

i 

U 

i 

\l 

I 

u 

z 

16.2 

33.0 

41.6 

50.2 

59.1 

68.1 

77.2 

86.4 

95.8 

105.3 

II4.9 

124.7 

134.6 

144.7 

i6l 

34.0 

42.9 

51.8 

60.9 

70.2 

79.5 

89.0 

98.7 

108.5 

II8.4 

128.4 

138.6 

149.0 

16.8 

16} 

35.1 

44.2 

53-4 

62.8 

72.3 

81.9 

91-7 

101.6 

111.7 

I21.9 

132.2 

142.7 

153-3 

17.3 

16} 

36.1 

45-5 

55.0 

64.6 

74.4 

84.3 

94.4 

104.6 

1 14.9 

125.4 

136.0 

146.8 

157.7 

17.8 

18I 

42.8 

53.9 

65.1 

76.4 

87.9 

99.6 

111.4 

123.3 

135-5 

147.7 

160. 1 

172.7 

185.5 

21. 1 

18 

43-9 

55-3 

66.8 

78.5 

90.3 

102.2 

1 14.3 

126.6 

139.0 

I51.6 

164.3 

177.2 

190.3 

21.7 

2a 

52.S 

66.1 

79.8 

93.6 

107.7 

121.9 

136.2 

150.8 

165.5 

180.3 

195.4 

210.6 

226.0 

26.0 

20J 

53.8 

(^^7 

81.7 

95.9 

1 10.3 

124.? 

139.5 

154.4 

169.4 

184.6 

200.0 

215.6 

231.3 

26.6 

22} 

63.3 

79.6 

96.0 

1 1 2.6 

129.4 

146.4 

163.6 

180.9 

198.5 

216.2 

234.1 

252.2 

270.5 

31.3 

22 

64.7 

81.3 

98.1 

115. 1 

132.3 

149.6 

167.2 

184.9 

202.8 

220.9 

239.2 

257.6 

276.3 

32.0 

24} 

75.0 

94.3 
96.2 

113.7 

133-3 

153.2 

173.2 

1934 

213.8 

234.5 

255.3 

276.3 

297.5 

319.0 

37.1 

24! 

76.6 

1 16.0 

136.0 

156.3 

176.7 

197.3 

218.1 

239.2 

260.4 

281.8 

303.5 

325.3 

•37-9 

26J 

261 

87.8 

110.3 

132.9 

155.8 

178.9 

202.2 

225.8 

249.5 

273-5 

297.6 

322.0 

346.6 

371.5 

43-5 

894 

112.3 

135.4 

158.7 

182.3 

206.0 

230.0 

254.1 

278.5 

303.1 

328.0 

353.0 

378.3 

44-3 

28i 

28| 

101.5 

127.5 

153-7 

180.0 

206.7 

233.5 

260.6 

287.9 

315-5 

343-2 

371.2 

399.5 

428.0 

50.3 

103.3 

129.7 

156.3 

183.2 

210.3 

237.6 

265.1 

292.9 

320.9 

349-2 

377.6 

406.3 

435.3 

51.2 

3^1 

116.3 

146.0 

175.9 

206.0 

236.4 

267.1 

297.9 

329.1 

360.5 

392.1 

424.0 

456.1 

488.5 

57.7 

30J 

118.2 

148.4 

178.7 

209.4 

240.3 

2714 

302.8 

3344 

366.3 

3984 

430.8 

4634 

496.3 

58.6 

32i 

32* 

132.0 

165.7 

199.6 

233.8 

268.2 

302.8 

337.8 

3730 

408.5 

444.2 

480.2 

5164 

553.0 

65.5 

1 34. 1 

168.2 

202.7 

237.3 

272.3 

307.5 

342.9 

378.7 

414.7 

450.9 

487.4 

524.2 

561.3 

66.5 

341 

148.8 

186.7 

224.0 

263.2 

301.9 

340.9 

380.1 

419.6 

459.5 

499.5 

539-9 

580.5 

621.5 

73.9 

h\ 

150.9 

189.4 

228.1 

267.0 

306.3 

345.8 

385.6 

425.7 

466.0 

506.7 

547.6 

588.8 

630.3 

74-9 

36i 

166.5 

208.9 

251.5 

294.5 

337.7 

381.2 

425.0 

469.1 

513-5 

558.1 

603.1 

648.3 

694.0 

82.7 

36} 

168.8 

211.7 

255.0 

298.5 

342.3 

386.4 

430.7 

4754 

5204 

565.7 

611.2 

657.1 

703.3 

83.8 

38i 

185.3 

232.4 

279.7 

327.4 

375.4 

423.7 

472.3 

521.2 

570.5 

620.0 

669.8 

720.0 

770.5 

92.0 

38i 

187.7 

235-4 

2834 

331.7 

380.3 

429.2 

4784 

527-9 

577.8 

627.9 

678.4 

729.2 

780.3 

93.2 

iP\ 

205.0 

257.1 

309.5 

362.2 

415.2 

468.5 

522.2 

576.1 

630.5 

685.1 

740.1 

795-3 

851.0 

101.9 

40* 

207.6 

260.3 

313.3 

366.6 

420.3 

474.3 

528.6 

583.2 

638.2 

6934 

749-1 

805.0 

861.3 

103. 1 

42i 

225.8 

283.1 

340.7 

398.6 

456.9 

515.5 

574.5 

633.8 

693-5 

7534 

813-8 

8744 

935-5 

112.2 

228.4 

286.4 

344-7 

403.3 

462.3 

521.6 

581.2 

641.2 

701.5 

762.2 

823.2 

884.6 

946.3 

113.6 

44* 

247-5 

310.3 

373.4 

436.9 

500.7 

564.8 

629.4 

694.2 

759.5 

825.0 

891.0 

957-3 

1024.0 1 

123. 1 

250.3 

313-8 

377.6 

441.7 

506.3 

571.1 

6364 

702.0 

767.9 

834.2 

900.9 

967-9 

1035.3 

124.6 

^i\ 

270.3 

338.8 

407.6 

476.8 

546.4 

616.4 

686.7 

7574 

828.5 

899.9 

971.7 

1043.9 

1116.5 

1344 

46* 

273.2 

342.4 

412.0 

481.9 

552.3 

623.0 

694.0 

765-5 

837-3 

909.5 

982.0 

1055.0 

1128.3 

135.9 

48:: 

294.0 

368.5 

443.4 

518.6 

594.2 

670.2 

746.5 

823-3 

900.5 

978.0;  1055.9 

1134.3 

1213.0 

146.3 

48* 

2971 

372.3 

447.9 

523.9 

600.3 

677.0 

754.2 

831.7 

909.7 

988.0  1066.7 

1145.8 

1225.3 

147.8 

5^ 

318.8 

399-5 

480.6 

562.0 

643.9 

726.2 

808.9 

892.0 

975.5 

1059.4  1143.6 

1228.4 

1313.5 

158.6 

S^ 

321.9 

403.4 

485.3 

567.6 

650.3 

7334 

816.8 

900.7 

985.0 

1069.7  1 154.8 

12404 

1326.3 

160.2 

5^1 

344-5 

431-7 

519.3 

607.3 

695.7 

784-5 

873.7 

9634 

1053-5 

1 144.0  1234.9 

1326.2 

1418.0 

171-5 

347.8 

435-8 

524.2 

613.0 

702.3 

791-9 

882.0 

972.5 

1063.4 

1154.7  1246.5 

1338.7  I1431.3 

173-1 

54i 

371.3 

465.2 

559-5 

654.3 

7494 

845.0 

941.1 

I037-5 

"345 

123 1.8  1329.6 

1427.8  1526.5 

184.8 

374.7 

469.4 

564.6 

660.2 

756.3 

852.7 

949.7  1047.0 

1 144.8 

1243.01341.7 

1440.8 

1540.3 

186.5 

^S 

399.0 

499-9 

601.2 

703.0 

805.2 

907.8 

1010.9  1114.5 

1218.5 

1322.9' 1427.8 

1533.2 

1639.0 

198.6 

5^1 

402.6 

504-3 

606.5 

709-2 

812.3 

915.8 

1019.8:1124.3 

1229.21 

1334.5:1440.3! 

1546.6  1653.3 

200.4 

For  Moment  of  Inertia,  deducting 

for  rivet  holes,  multiply  tab 

»ular  value  by 

net  width. 
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TABLE  S.—CofUinued. 
Moments  of  Inertia  of  Two  Plates  One  Inch  Wide,  Axis  X-X. 


c 


3 


Momenta  of  Inartia 

of  Two  Plates 

One  Inch  Wide, 

Axis  X-X. 


• 

4 


#r 


<-— r— > 


-t. 


For  Distances 

Measured 

from 

Inside  to  Inside. 


d 
Ins. 


Thickness  of  Plate  in  Inches. 


66} 
66i 
68i 
68i 

70} 
70! 

72* 

74i 
76J 
78J 

8ii 

lt\ 
88} 

90i 
92J 

94i 
96* 

00} 
oii 

04J 


i 


427.8 

4314 
427.5 

461.3 

488.3 
492.2 
520.0 
524.1 


535-9 
540.5 
573-1 
577-8 

6x1.6 
616.5 
651.3 
6564 


I 


552.8  692.3 
556.9I  697.5 
586.5!  734-5 


590.8 

621.3 

625.7 
657.0 
661.6 

698.4 

736.3 

775-i 
815.1 

855-9 
897.8 

940.7 

984.6 


739-9 

778.0 

783.5 
822.8 

828.4 

874-5 
921.9 

970.5 
1020.4 

1071.6 
1x23.9 
II  77.6 
1232.5 


1029.4  1288.6 
1075.3;  1 346.0 
1 122.2' 1404.6 
1 1 70. 1  1464.5 

1218.9  1525.6 
1268.8!  1588.0 
13 19.7. 165 1.6 
1371.61 1716.5 


06}  1424.4 
08}  1478.3 


1782.7 
1850.0 


loj  1533.211918.7 
12}  1 589. 1  1988.6 


644.4 
649.9 
689.2 
694.8 

735.4 
741.2 
783.1 

789.1 

832.3 
838.6 


753-5 
759-9 
805.7 
812.3 

859-7 
866.5 

915-4 
922.4 

972.9 
980.1 


883.01 1032. 1 


889-5 

935-3 
941-9 


9890  1 155.8 


995-8 

105 1.2 
1 108. 1 
1 166.5 
1226.4 

1287.8 

1350.7 
1415.1 

148 1. o 


1039.6 

1093.1 
1100.8 


1 163.7 

1228.4 
1294.9 
1 363. 1 
1433.0 

1501.7 
1 578. 1 
1653.3 

1730.3 


J  548 .4  1809.0 
1617.4  1889.4 
1687.7  1971.6 
1759-6  2055.6 

1833.0 
1908.0 
1984.4 


2141.3 

2228.7 
2317.9 


2062.3  2408.8 


2141.7 
2222.6 


2501.5 
2596.0 


2305.0  2692.2 
2388.9  2790.1 


2474-3 


14111645.912059.7    

i6i  i703.8|2i32.i  2561.2 
18111762.712205.712649.613094.5 
2o|  i  i822.6,228o.6'2739.5l3 199.4 


2889.8 
2991.3 


I 


862.9 
870.3 
922.7 

930.3 

9844 
992.3 


972.9 
981.1 

1040.1 

1048.7 

1 109.7 
1118.5 


048.2I1181.5 


056.3 

113.9 
122.3 
181.7 
190.3 

251.4 

260.3 
323.2 
332.3 

406.3 

482.3 
560.3 
640.3 

722.3 
806.3 


1190.6 

X255-5 
1264.9 

1331.8 
1341-5 

1410.3 
1420.3 
1491.1 

15014 

1584.7 
1670.3 
1758.1 
1848.2 

1940.5 
2035.0 


892.312131.9 
980.3  2230.9 


2070.3 
2162.3 
2256.3 

2352.3 
2450.3 


083.3 

092.5 
158.1 
167.6 

2354 
245-3 
315-3 
3254 

397-6 
408.1 
482.5 
493-2 

569.8 
580.9 

659.7 
671.1 

763.7 
858.9 

956.5 
2056.7 

2159-3 
2264.5 

2372.1 

2482.3 


2332.3  2595.0 
2435.8  2710.1 


2541.6 
2649.7 

2760.0 


2550.3  j  2872.6 
2652.3 

2756.3 


2827.8 
2947-9 

3070.6 
3195.7 


2652.3  2987.4I3323.1 


2862.3 
2970.3 
3080.3 


3104.53453 


3223.8  3586.2 

33454  37214 
3469.2  3859.0 

3192.313595-33999.2 

3306.313723.6  4141.8 
3422.3  3854.2  4287.0 

3540.313987.04434.6 
3660.3.4122.1  4584.8 


H 


194.1 

204.3 
276.5 

287.0 

361.7 

372.5 
449.6 

460.8 

540.3 
551.8 
633.7 

45-6 

729.9 
742.1 
828.8 
841.3 

1943.3 
2048.1 

2155.6 

2265.9 

2378.9 
2494.6 
2613.1 

2734.4 

28584 
2985.2 

3  "4-7 
3246.9 

3381.9 

3519.7 
3660.2 

3803.5 

3949.5 
4098.2 

42497 
4404.0 

4561.0 
4720.8 

4883.3 
5048.5 


1305.5 
13 16.5 

1395-5 
1406.9 

1488.5 
1500.3 
1584.5 
1596.7 

1683.5 
1696.0 
1785.5 
1798.4 

1890.5 
1903.8 
1998.5 
2012.2 

2123.5 
2237.9 

2355-3 
2475-7 

2599.0 
2725.4 
2854.8 
2987.2 

3122.5 
3260.9 
3402.3 
3546.7 

3694.0 
3844.4 
3997.8 
4154.2 

4313-5 

4475-9 
4641.3 

4809.7 

4981.0 

51554 
5332.8 

5513-2 


ii 


1417.3 
1429.3 

15 14.9 
1527.3 

1615.7 
1628.5 
1719.8 
1733.0 

1827.2 
1840.8 
1937.8 
1951.8 

2051.6 
2066.1 
2168.7 
2183.6 

2304.3 
2428.3 

2555.6 

2686.1 

2819.9 
2956.9 
3097.1 
3240.6 

33874 
35374 
3690.7 
3847.2 

4006.9 
4169.9 
4336.2 
4505.7 

4678.5 
4854.5 

5033-7 
5216.2 

5402.0 

559x0 

5783.3 
5978.8 


1529.5 

1542.5 
1634.7 

1648.1 

X743.5 

1757.3 
1855.7 

1869.9 

X97X4 
1986.1 

2090.6 

2105.7 

2213.3 
2228.9 
2339.6 

2355.5 


H 


1642.3 
1656.1 

X755.X 
1769.5 

1871.7 
1886.5 
1992.1 
20074 

2116.2 
2131.9 
2244.0 
2260.2 

2375.6 
2392.3 
2511.0 
2528.1 


2485.7  2667.7  2850.3 


1755.5 
1770.3 
1876.0 

1891.3 

2000.5 
2016.3 
2129.0 
2145.3 

2261.5 
2278.3 
2398.0 
2415.3 

2538.5 
2556.3 
2683.0 
2701.3 


2619.4 

2756.5 
2897.2 

3041.3 
3189.0 
3340.1 
3494.8 


2811.0 
2958.1 
3108.9 

3263.5 
3421.8 

3583.9 
3749.7 


3003.3 
3160.3 

3321.3 

3486.3 

3655.3 
3828.3 

4005.3 


3653.0  3919.3  4186.3 
3814.6  J4092.6 14371.3 
3979.8  14269.7 14560.3 
41484  4450.5  4753.3 

4320.6  4635.0 
4496.2  14823.4 


46754  50154 
4858.0  5211.3 


5044.2 

5233-9 
5427-0 

5623.7 

5823.8 
6027.5 
6234.6 

6445-3 


5410.8 
5614.1 
5821.2 
6032.0 

6246.6 
6464.9 
6687.0 
6912.8 


4950.3 
5151-3 
5356.3 
5565.3 

5778.3 

5995-3 
6216.3 

6441.3 

6670.3 
6903.3 
7140.3 
7381.3 


2130) 
214.8 
227.8 
229.7 

243.2 
245.1 
259.0 
261.0 

2754 

2774 
292.2 
294.3 

309.6 

311.7 

3274 
329.6 

348.0 
367.0 
3864 
406.3 

426,7 
447.6 
469.0 

490.9 

513.3 
536.2 

559-6 

583-5 

607.9 
632.8 
658.2 
684.1 

710.5 

737.5 

764.9 
792.8 

821.2 
85a  I 

879.5 
9094 


For  Moment  of  Inertia,  deducting  for  rivets,  multiply  tabular  value  by  net  width. 
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TABLE  6, 

Weights  and  Areas  op  Square  and  Round  Bars  and  Circumferences  of  Round  Bars. 

One  Cubic  Foot  of  Steel  Weighing  489.6  lb. 


ThickncM 
or  Diam- 
eter in 
Inches. 


Wd 


i 

One  Ft. 
Long. 


.013 

.053 
.119 

.212 

.333 
.478 
.651 

.850 
1.076 
1.328 
1.608 

1. 91 3 

2.245 
2.603 

2.989 

3.400 
3.838 

4303 
4.79s 

5.312 

S.857 
6.428 

7.026 

7.650 
8.301 
8.978 
9.682 

10.41 
II. 17 
11.95 
12.76 

13.60 

14.46 

15-35 
16.27 

17.22 
18.19 
19.18 
20.20 

21.25 
22.33 

23.43 
24.56 

25.71 
26.90 
28.10 
29.34 


Weight 


Bar 

One  Ft. 

Long. 


.010 
.042 
.094 

.167 
.261 

•375 
.511 

.667 

.845 

1.043 

1.262 

1.502 
1.763 
2.044 

2.347 

2.670 
3.014 

3  379 
3.766 

4-173 
4.600 

5-049 
5.518 

6.008 
6.520 
7.051 
7.604 

8.178 

8.773 
9.388 

0.02 

0.68 
1.36 
2.06 
2.78 

3.52 
4.28 

5-07 
5.86 

6.69 

7.53 
8.40 

9.29 

20.20 
21.12 
22.07 
23.04 


Area 
of 


Bar 
inSq. 
Indm. 


.0039 
.0156 
.0352 

.0625 

.0977 
.1406 

.1914 

.2500 
.316A 
.3906 
.4727 

.5625 
.6602 
.7656 
.8789 

1. 0000 

I. 1289 
1.2656 
1. 4102 

1.5625 

1.7227 
1.8906 
2.0664 

2.2500 
2.4414 
2.6406 

2.8477 

3.0625 
3.2852 
3.5156 

3.7539 

4.0000 

4.2539 
4.5156 

4.7852 
5.0625 

5-3477 
5.6406 

5.9414 

6.2500 
6.5664 
6.8906 
7.2227 

7-5625 
7.9102 
8.2656 
8.6289 


Area 
of 


Bar 

inSq. 

Inches. 


.0031 
.0123 
.0276 

.0491 
.0767 
.1104 
.1503 

.1963 
.2485 

.3068 

.3712 

.4418 

.5185 
.6013 
.6903 

.7854 
.8866 

.9940 

1. 1075 

1.2272 
1.3530 
1.4849 
1.6230 

1. 767 1 

1-9175 

2.0739 
2.2365 

2.4053 
2.5802 
2.7612 
2.9483 

3.1416 
3.3410 
3-5466 
3.7583 

3-9761 
4.2000 

4-4301 
4.6664 

4-9087 
5-1572 
5.41 19 

5.6727 

5.9396 
6.2126 
6.4918 
6.7771 


Circum- 
ference 

Q 

Bar 

in 

Inches. 


.1963 

.3927 
.5890 

.7854 

.9817 

I.1781 

1.3744 

1.5708 
I.7671 
1.9635 
2.1598 

2.3562 
2.5525 
2.7489 
2.9452 

3.1416 

3.3379 
3-5343 
3.7306 

3.9270 
4.1233 

4-3 197 
4.5^60 

4.7124 
4.9087 
5. 105 1 

5.3014 

5.4978 
5.6941 
5.8905 
6.0868 

6.2832 

6.4795 

6.6759 
6.8722 

7.0686 
7.2649 
7.4613 
7.6576 

7.8540 
8.0503 
8.2467 
8.4430 

8.6394 
8.8357 
9.0321 
9.2284 


Thickness 
or  Diam- 
eter in 
Inches. 


i 

i 

t 

iV 

t 

tt 


w 


ekht 

■ 

Bar 

One  Ft 

Long. 


30.60 
31.89 
33.20 
34.55 

35.92 

37.31 

38.73 
40.18 

41.65 

43-14 
44.68 

46.24 

47-82 

49-42 
51.05 
52.71 

54.40 
56.11 

57-85 
59-62 

61.41 
63.23 
65.08 

66.95 

68.85 
70.78 

72.73 
74.70 

76.71 

78.74 
80.81 

82.89 

85.00 

87.14 
89.30 

91.49 

93.72 
95-96 
98.23 
100.5 

102.8 
105  2 
107.6 

IIO.O 

1 12.4 
1 14.9 
1 17.4 
1 19.9 


Weil 


T 


Bar 

One  Ft. 

Long. 


24.03 
25.04 

26.08 

27.13 

28.20 
29.30 
30.42 
31.56 

32.71 
33-90 
3509 
36.31 

37.56 
38.81 
40.10 
41.40 

42.73 

44-07 

45-44 
46.83 

48.24 
49.66 
51. II 
52.58 

54.07 

55.59 
57.12 

58.67 

60.25 
61.84 
63.46 
65.10 

66.76 

68.44 
70.14 

71.86 

73.60 

75-37 
77-15 
78.95 

80.77 
82.62 

84.49 
86.38 

88.29 
90.22 
92.17 
94.14 


Area 
of 


Bar 

inSq. 

Inches. 


9.0000 

9.3789 
9.7656 
10.160 

0.563 
0.973 
1. 391 
I.816 

2.250 
2.691 
3. 141 
3.598 

4.063 

4.535 
5.016 

5.504 

6.000 
6.504 
7.016 

7.535 

8.063 
8.598 
9.141 
9.691 

20.250 
20.816 
21.391 
21.973 

22.563 
23.160 
23.766 

24.379 
25.000 
25.629 
26.266 
26.910 

27.563 
28.223 
28.891 
29.566 

30.250 
30.941 
31.641 
32.348 

33.063 

33.785 
34.516 

35.254 


Area 
of 


Bar 

in  Sq. 

Inches. 


7.0686 

7.3662 

7.6699 

•7.9798 

8.2958 
8.6179 
8.9462 
9.2806 

9.621 1 
9.9678 
0.321 
0.680 

1.045 
I.416 

1-793 
2.177 

2.566 
2.962 

3-364 
3.772 

4.186 
4.607 

5-033 
5.466 

5-904 
6.349 

6.800 

7.257 

7.721 
8.190 
8.665 

9.147 

9.635 
20.129 

20.629 

21.135 

21.648 
22.166 
22.691 
23.221 

23.758 
24.301 
24.850 
25.406 

25.967 

26.535 
27  109 

27.688 


Circum- 
ference 

o 

Bar 

in 

Inches. 


94248 
9.621 1 

9.8175 
10.014 

10.210 
10.^07 
10.603 
10.799 

10.996 
II. 192 
11.388 
11.585 

II.781 

11.977 

12.174 
12.370 

12.566 
12.763 
12.959 

13.155 

13.352 
13.548 

13.744 
13.941 

14.137 

14-334 
14.530 

14.726 

14.923 

15. 119 

15.315 
15.512 

15.708 

15.904 
16.IOI 

16.297 

16.493 
16.690 
16.886 
17.082 

17.279 

17.475 
17.671 

17.868 

18.064 
18.261 
18.457 
18.653 


21 


L. 


TABLE  6,^Conlinued, 
Weights  and  Akeas  of  Square  and  Round  Bars  and  Circumfbrencbs  of  Round  Bars- 
One  Cubic  Foot  of  Steel  Weighing  489.6  lb. 


Circum-I 
ference 

Q 

in 
Indict. 


Thickness 
or  Diam- 
eter in 
Inches. 


i 

i 

A 
i 

i 

ft 
i 

a 
i 

H 

r 

ft 

A 


i 

H 


8 


ft 

i 

i 
ft 

A 

i 

} 
H 
} 


Wei 


.Bar 
One  Ft. 
Long. 


122.4 
125.0 
127.6 

i3or2 

132.8 

I35.S 

138.2 

140.9 

143.6 
146.5 
149.2 
I52.I 

154-9 
157.8 
160.8 
163.6 

166.6 
169.6 
172.6 
175.6 

178.7 
181.8 
184.9 
188.1 

191.3 

194-4 
197-7 
200.9 

204.2 
207.6 
210.8 
214.2 

217.6 
221.0 
224.5 
228.0 

231.4 

234-9 
238.5 

242.0 

245.6 

249.3 
252.9 

256.6 

260.3 
264.1 
267.9 
271.6 


Weishti 

Area 
of 

• 

H 

Bar 

Bar 

One  Ft. 

in  Sq. 

Long. 

Inches. 

96.14 

36.000 

98.14 

36.754 

100.2 

37.516 

102.2 

38.285 

104.3 

39-063 

106.4 

39.848 

108.5 

40.641 

1 10.7 

41.441 

II2.8 

42.250 

114.9 

43.066 

1 17.2 

43-891 

"9-4 

44-723 

121.7 

45-563 

123.9 

46.410 

126.2 

47.266 

128.5 

48.129 

130.9 

49.000 

133.2 

49.879 

135.6 

50.766 

137.9 

51.660 

140.4 

52.563 

142.8 

53.473 

HS-3 

54-391 

147-7 

55.316 

150.2 

56.250 

152.7 

57.191 

155.2 

58.141 

157.8 

59.098 

160.3 

60063 

163.0 

61.035 

165.6 

62.016 

168.2 

63.004 

171.0 

64.000 

1736 

65.004 

176.3 

66.016 

179.0 

67-035 

181.8 

68.063 

184.5 

69.098 

187.3 

70.141 

190. 1 

71.191 

193.0 

72.250 

195-7 

73.316 

198.7 

74391 

201.6 

75-473 

204.4 

76.563 

207.4 

77.660 

210.3 

78.766 

213.3 

79-879 

Area 
of 


Bar 

inSq. 

Indies. 


28.274 
28.866 
29.465 
30.069 

30.680 
31.296 
31.919 
32.548 

33.183 
33.824 

34.472 
35.125 

35-785 
36.450 

37.122 

37.800 

38.485 
39-175 
39.871 

40.574 
41.282 

41.997 
42.718 

43-445 

44-179 
44.918 

45.664 

46.415 

47.173 

47-937 
48.707 

49-483 

50.265 
51.054 
51.849 
52.649 

53-456 
54.269 
55.088 

55-914 

56.745 

57.583 
58.426 

59.276 

60.132 
60.994 
61.862 
62.737 


Circum- 
ference 

Bar 

in 

Inches. 


18.850 
19.046 
19.242 

19.439 

19.635 
19.831 
20.028 
20.224 

20.420 
20.617 
20.813 
21.009 

21.206 
21.402 
21.598 
21.795 

21.991 
22.187 
22.384 
22.580 

22.777 
22.973 
23.169 
23.366 

23.562 
23.758 

23-955 
24.151 

24.347 

24-544 
24.740 

24.936 

25.133 
25.329 
25.525 
25.722 

25.918 
26.114 
26.3 1 1 
26.507 

26.704 
26.900 
27.096 
27.293 

27.489 
27.685 
27.882 
28.078 


Thickness 
or  Diam- 
eter in 
Inches, 


ID 


A 

I 
ft 

\ 


H 


II 


Weight 


Bar 

One  Ft. 

Long. 


275-4 

279-3 
283.2 

287.0 

290.9 

294-9 
298.9 

302.8 

306.8 
310.9 
315.0 
3 19. 1 

323.2 

327.4 
331-6 

335.8 

340.0 

344-3 

348.5 
352.9 

357-2 
361.6 
366.0 

370.4 

374.9 
379.4 
383.8 
388.3 

392.9 

397-5 
402.1 

406.8 
411.4 


ft 

4I6.I 

i 

420.9 

ft 

425.5 

i 

430.3 

^ 

435-1 

i 

439-9 

ft 

444.8 

h 

449.6 

A 

454-5 

li 

459.5 

464.4 

1 

469.4 

•i 

474.4 

4795 

If 

484.5 

Weight 


Bar 

One  Ft. 

Long. 


216.3 
219.3 
222.4 
225.4 

228.5 

23  IS 
234.7 
237.9 

241.0 
244.2 

247.4 
250.6 

253-9 
257.1 

260.4 

263.7 

267.0 
270.4 

273-8 
277.1 

280.6 
284.0 
287.4 
290.9 

294.4 
297.9 
301.4 
305.0 

308.6 
312.2 
315-8 
319-5 
323.1 
326.8 

330.5 
334-3 

337-9 
341-7 
345-5 
3494 

353-1 
3570 
360.9 
364.8 

368.6 
372.6 
376.6 
380.6 


Area 
of 


Bar 
inSq. 
Inches. 


Area 
of 


81.000 
82.129 
83.266 
84.410 

85-563 
86.723 

87.891 

89.066 

90.250 

91-441 
92.641 

93.848 

95-063 
96.285 
97.516 
98.754 

00.00 

01.25 
02.52 

03.79 

05.06 

06.35 

07.64 
08.94 

10.25 

11.57 

12.89 
14.22 

15.56 

16.91 
18.27 
19.63 

21.00 
22.38 

23.77 
25.16 

26.56 

27.97 
29.39 

30.82 

32.25 

33.69 
3514 

36.60 
38.06 

39  54 
41.02 

42.50 


Bar 

inSq. 

Inchei. 


63.617 
64.505 

65-397 
66.296 

67.201 
68.112 
69.029 

69.953 

70.882 
71.818 
72.760 
73.708 

74.662 
75.622 
76.589 
77.561 

78.540 

79.525 
80.516 

81.513 

82.516 

83.525 
84.541 

85.562 

86.590 
87.624 
88.664 
89.710 

90.763 
91.821 
92.886 
93.956 

95033 
96.116 

97.205 

98.301 


99.402 
100.51 
101.62 
102.74 

103.87 
105.00 
106.14 
107.28 

108.43 
109.59 

1 10.75 
1 11.92 


28.274 
28471 
28.667 
28.863 

29.060 
29.256 
29452 
29.649 

29.845 
30.041 

30.238 

30434 

30.631 
30.827 
31-Q23 

3IX>22 

3I416 
31.612 

31.809 
32.005 

32.201 
32.398 

32.594 
32.790 

32.987 
33.183 

33.37? 
33-576 

33772 
33.968 
34.165 

34.361 

34-558 
34.754 
34-950 
35147 


35.343 

35-53? 
35-736 
35.932 

36.128 

36.325 
36.521 

36.717 

36.914 
37.110 

37306 
37.503 


22 


TABLE  7 
Properties  of  Carnegie  I  Beams 


^ 

Q— _. 

\ 

''  /I 

i L fi 

Maximum 

Distance 
Center  to 

Center 
Required 
to  Make 

1 

& 

a 
« 

B— — 

i,  y 

Section 
Modu^ 

Bending  Mo- 
ment ^  z6,ooo 

1 

•a 

1 

"3 

i 

V 

:i           ^ 

lus 

Lb.  per 
Sq.  In. 

Radu  of 

Gyration 

Equal 

I  a  Moment  of 

r  =  Radius  of 

1 

*0 

Inertia 

Gyration 

1-^1 

Axis  x-z 

Axis3-a 

Axis  z-x 

Axisa-a 

Axis  z-z 

Axis  z-z 

II 

II 

Is 

ri 

rs 

Si 

Mi 

Inches 

Pounds 

Inches* 

Inches 

Inches 

Inches^ 

Inches^ 

Inches 

Inches 

Inches' 

Foot-Pounds 

Inches 

24 

IIS 

34.00 

0.750 

8.000 

2  955.5 

83.23 

9.33 

1.57 

246.4 

328  000 

18.39 

no 

32.48 

0.688 

7.938 

2   883.5 

81.0 

9.42 

1.58 

240.3 

321  000 

18.58 

105 

30.98 

0.625 

7.875 

2  81I.S 

78.9 

9.53 

1.60 

234.3 

312  000 

18.78 

100 

29.41 

0.754 

7.254 

2  380.3 

48.56 

9.00 

1.28  * 

1984 

264  000 

17.82 

95 

27.94 

0.692 

7.192 

2  309.6 

47.10 

9.09 

1.30 

192.5 

257  000 

17.99 

90 

26.47 

0.631 

7.I3I 

2  239.1 

45.70 

9.20 

I.3I 

186.6 

249  000 

18.21 

85 

25.00 

0.570 

7.070 

2    168.6 

4435 

9.31 

1.33 

180.7 

241   000 

18.45 

80 

23.32 

0.500 

7.000 

2  087.9 

42.86 

9.46 

1.36 

174.0 

232  000 

18.72 

20 

100 

29.41 

0.884 

7.284 

I   655.8 

52.65 

7.50 

1.34 

165.6 

221   000 

14.76 

95 

27.94 

0.810 

7.210 

I   606.8 

50.78 

7.58 

1.3s 

160.7 

214  000 

14.92 

90 

26.47 

0.737 

7.137 

I    557.8 

48.98 

7.67 

1.36 

155.8 

208   000 

15.10 

85 

25.00 

0.663 

7.063 

I    508.7 

47.25 

777 

1.37 

150.9 

201   000 

15.30 

80 

23.73 

0.600 

7.000 

I   466.5 

45.81 

7.86 

1.39 

146.7 

196  000 

15.47 

75 

22.06 

0.649 

6.399 

I    268.9 

30.25 

7.58 

1. 17 

126.9 

169  000 

14.98 

70 

20.59 

0.575 

6.325 

I    219.9 

29.04 

7.70 

1. 19 

122.0 

163   000 

15.21 

65 

19.08 

0.500 

6.250 

I    169.6 

27.86 

7.83 

I.2I 

1 17.0 

156  000 

15.47 

18 

90 

2647 

0.807 

7-245 

I    260.3 

52.00 

6.90 

1.40 

140.0 

187  000 

13.51 

85 

25.00 

0.725 

7.163 

I    220.6 

49.99 

6.99 

1.42 

135.6 

181   000 

13.69 

80 

23.53 

0.644 

7.082 

I    180.9 

48.08 

7.09 

1.43 

I3I.2 

175  000 

13.89 

75 

22.05 

0.562 

7.000 

I    I4I.3 

46.23 

7.19 

1-45 

126.8 

169  000 

14.08 

70 

20.59 

0.719 

6.259 

921.3 

24.62 

6.69 

1.09 

102.4 

136  000 

13.20 

55 

19.12 

0.637 

6.177 

881.5 

2347 

6.79 

I. II 

97-9 

131   000 

13.40 

60 

17.65 

0.555 

6.095 

841.8 

22.38 

6.91 

1. 13 

93.5 

125  000 

13.63 

55 

15.93 

0.460 

6.000 

795.6 

21.19 

7.07 

1.15 

884 

118  000 

13.95 

15 

100 

29.41 

1.184 

6.774 

900.5 

50.98 

5.53 

1.31 

1 20. 1 

160  000 

10.75 

95 

27.94 

1.085 

6.675 

872.9 

48.37 

5.59 

1.32 

1 16.4 

155  000 

10.86 

90 

2647 

0.987 

6.577 

845.4 

45.91 

5.65 

1.32 

112.7 

150  000 

10.99 

85 

25.00 

0.889 

6.479 

817.8 

43.57 

572 

1.32 

109.0 

145   000 

II. 13 

80 

23.81 

0.810 

6.400 

795.5 

41.76 

5.78 

1.32 

106. 1 

141  000 

11.25 

75 

22.06 

0.882 

6.292 

691.2 

30.68 

5.60 

1. 18 

92.2 

123   000 

10.95 

70 

20.59 

0.784 

6.194 

663.6 

29.00 

5.68 

1. 19 

88.5 

118  000 

II. II 

55 

19.12 

0.686 

6.096 

636.0 

27.42 

5.77 

1.20 

84.8 

113   000 

11.29 

60 

17.67 

0.590 

6.000 

609.0 

25.96 

5.87 

1.21 

81.2 

108  000 

11.49 

55 

16.18 

0.656 

5.746 

SI  1.0 

17.06 

5.62 

1.02 

68.1 

91  000 

11.05 

50 

14.71 

0.558 

5.648 

4834 

16.04 

5-73 

1.04 

64.5 

86  000 

11.27 

45 

13.24 

0.460 

5.550 

455.8 

15.00 

5.87 

1.07 

60.8 

81  000 

11.54 

4* 

12.48 

0.410 

5.500 

441-7 

14.62 

5.9s 

1.08 

58.9 

79  000 

11.70 

12 

55 

16.18 

0.822 

5.612 

321.0 

17.46 

4.45 

1.04 

53-5 

71  000 

8.65 

50 

14.71 

0.699 

5.489 

303.3 

16.12 

4-54 

1.05 

50.6 

67  000 

8.83 

45 

13.24 

0.576 

5.366 

285.7 

14.89 

4.65 

1.06 

47.6 

63  000 

9.06 

40 

11.84 

0.460 

5.250 

268.9 

13.81 

4-77 

1.08 

44.8 

60  000 

9.29 

35 

10.29 

0.436 

5.086 

228.3 

10.07 

4.71 

.99 

38.0 

51  000 

9.21 

31S 

9.26 

0.350 

5.000 

215.8 

9.50 

4.83 

I.OI 

36.0 

48  000 

9.45 

23 


TABLE  7.— Continued 


Propbrtibs  of  Carnbgib  I  Bbams 


1 

1 

& 

8 — 

r 

1 

1 
1 

-f- 

Section 
Modu. 

Maximum 
Bending  Mo- 
ment %  x6.ooo 

Distance 
Center  to 

Center 
Required 
to  Make 

1 

i 
•a 

1 

0 

I 

1 

u 

a 

VJ 

lus 

Lb.  per 
Sq.  In. 

Radii  of 

Gyratioa 

Equal 

I  SB  Moment  of 

r  0  Radius  of 

•c 

•0 

Inertia 

Gyration 

^ 

^ 

W-«< 

Axisx-i 

Azisa-4 

Axisi-i 

Axis  9-3 

Axis  x-x 

Axis  x-z 

II 

II 

U 

«t 

tt 

Si 

Ml 

Inches 

Poands 

Inches* 

Inches 

Inches 

Inches^ 

Inches^ 

Inches 

Inches 

Inches s 

Foot-Pounds 

Inches 

lO 

40 

11.76 

0.749 

5-099 

158.7 

9.50 

3.67 

•90 

31.7 

42  000 

7.12 

35 

10.29 

0.602 

4.952 

1464 

8.52 

3.77 

,91 

29.3 

39  000 

7.32 

30 

8.82 

0455 

4.805 

134.2 

7.65 

3.90 

.93 

26.8 

36  000 

7.57 

25 

7.37 

0.310 

4.660 

1 22. 1 

6.89 

4.07 

•97 

244 

33  000 

7.91 

9 

35 

10.29 

0.732 

4.772 

III.8 

7-31 

3.29 

.84 

24.8 

33  000 

6.36 

30 

8.82 

0.569 

4.609 

IOI.9 

6.42 

3.40 

.85 

22.6 

30  000 

6.58 

25 

7.35 

0.406 

4446 

91.9 

5.65 

3.54 

.88 

20.4 

27  000 

6.86 

21 

6.31 

0.290 

4.330 

84.9 

5.16 

3.67 

.90 

18.9 

25  000 

7.12 

8 

25-5 

7.50 

0.541 

4.271 

684 

4.75 

3.02 

.80 

I7.I 

23  000 

5.82 

23 

6.76 

0.449 

4-179 

64.5 

4-39 

3.09 

.81 

16. 1 

21  000 

5.96 

20.5 

6.03 

0.357 

4.087 

60.6 

4-07 

3.17 

.82 

I5.I 

20  000 

6.12 

18 

5-33 

0.270 

4.000 

56.9 

3.78 

3.27 

.84 

14.2 

19  000 

6.32 

7 

20 

5.88 

0.458 

3.868 

42.2 

3.24 

2.68 

.74 

I2.I 

16  000 

5.15 

17.5 

5.15 

0-353 

3.763 

39.2 

2.94 

2.76 

.76 

II.2 

15  000 

5.31 

15 

4.42 

0.250 

3.660 

36.2 

2.67 

2.86 

.78 

104 

14  000 

5.50 

6 

17.25 

5.07 

0.475 

3-575 

26.2 

2.36 

2.27 

.68 

8.7 

II  600 

4.33 

14-75 

4-34 

0.352 

3.452 

24.0 

2.09 

2.35 

.69 

8.0 

10  700 

4.49 

12.25 

3.61 

0.230 

3.330 

21.8 

1.85 

2.46 

.72 

7-3 

9  700 

4.70 

5 

14.75 

4-34 

0,504 

3.294 

15.2 

1.70 

1.87 

.63 

6.1 

8  100 

12.25 

3.60 

0.357 

3.147 

13.6 

1-45 

1.94 

.63 

54 

7  300 

9.75 

2.87 

0.210 

3.000 

I2.I 

1.23 

2.05 

.65 

4.8 

6  400 

4 

10.5 

3.09 

0.410 

2.880 

7.1 

1. 01 

1.52 

.57 

3.6 

4  800 

9-5 

2.79 

0.337 

2.807 

6.7 

.93 

1.55 

.58 

34 

4  500 

8.5 

2.50 

0.263 

2.733 

6.4 

.85 

1-59 

.58 

3.2 

4  200 

7-5 

2.21 

0.190 

2.660 

6.0 

•77 

1.64 

•59 

3.0 

4  000 

7.5 

2.21 

0.361 

2.521 

2.9 

.60 

1. 15 

.52 

1.9 

2  600 

3 

6.5 

1.91 

0.263 

2.423 

2.7 

.53 

1. 19 

.52 

1.8 

2  400 

5.5 

1.63 

0.170 

2.330 

2.5 

.46 

1.23 

.53 

1.7 

2  200 

Supplementary  Beams 

27 

83 

24.41 

0.424 

7.500 

2888.6 

53.1 

10.88 

1.47 

214.0 

285  300 

21.56 

H 

69.5 

20.44 

0.390 

7.000 

1928.0 

39.3 

9.71 

1-39 

160.7 

214  220 

19.22 

21 

57.5 

16.85 

0.357 

6.500 

1227.5 

28.4 

8.54 

1.30 

116.9 

155  880 

16.87 

i8 

46.0 

13-53 

0.322 

6.000 

733.2 

19.9 

7.36 

1.21 

81.5 

108  620 

14.52 

15 

36.0 

10.63 

0.289 

5.500 

405.1 

13.5 

6.17 

1. 13 

54.0 

72  020 

12.14 

12 

27.5 

8.04 

0.255 

5.000 

199.6 

8.7 

4.98 

1.04 

33.3 

44  350 

9.74 

10 

22.0 

6.52 

0.232 

4.670 

113.9 

6.4 

4.18 

0.99 

22.8 

30  370 

8.12 

' 

17.5 

5-15 

0.210 

4.330 

58.3 

4.5 

3-37 

0.93 

14.6 

19  450 

6.48 

24 


TABLE  8 
Elements  of  Carnegie  I  Beams 


4 


I 


--t— Oi*- 


5 

a 


»5 


Inchefl  Pounds 


^4 


20 


i8 


15 


15 


12 


"5 

100 

95 
90 

85 
8o 


lOO 

95 
90 

85 
8o 

75 
70 

65 


90 

85 
80 

75 
70 

65 
60 

55 


100 

95 
90 

85 
80 


75 
70 

65 
60 

55 
50 

45 

42 


60 

55 
50 

45 

40 

35 
31.5 


Flange 


Inches 


8 

7\ 

7 
7i 

7i 

7 


7i 

; 

7i 
7 

6i 


7i 

7l 

7A 

7 

6i 

6} 


It 


6j 

6 

5\ 

5l 


5l 

5\ 

51 

5i 

51 
5 


Web 


i 


i 

H 
i 

H 
i 

H 
A 
J 


1 
1 


If 


i 

» 

f 

H 
A 

i 


I  Web 


Inches  Inches 


i 

A 

i 


1 

A 
A 

i 


A 

A 

i 


A 


A    i 


H 
A 

i 


t 

i 


Inches 


4J 

4i 
Si 

si 


i 

i 

2j 


'I 

9l 
9J 
9l 


Inchfif 


if 
I 
I 

i 
i 
I 


} 
f 
I 

i 


2 
2 
2 
2 
2 


>t 
il 

If 

li 
li 
li 


I 

li 
ij 

1} 

It 


5  MW 
III 


li^a 


Ft.-Lb. 


328  000 
264  000 
257  000 
249  000 
241  000 
232  000 


221  000 
214  000 
208  000 
201  000 
196  000 
169  000 
163  000 
156  000 


187  000 
181  000 

175  000 

169  000 

136  000 
131  000 
125  000 
118  000 


160  000 
155  000 
150  000 
145  000 

141  000 


123  000 
118  000 

113  000 

108  000 
91  000 

86  000 
81  000 
79  000 


90  000 
86  000 
71  000 
67  000 
63  000 
60  000 
51  000 
48  000 


Gage 


Inches 


4 
4 

4 
4 
4 
4 


4 
4 
4 
4 
4 
4 
4 
4 


4 

4 

4 

4 

3J 

3' 

3' 

3 


i! 

3f 


3l 
3i 
3i 
3i 
3i 

3i 


3} 

3i 

3} 

3 

3 

3 

3 


Grip 


Inches 


i 


i 


I 
I 
I 
I 


i 
i 
i 
i 


i 
i 


I 
i 
I 


A 

A 


Dis- 
tance 


Inches 


A 

i 


i 


i 


§  s  «> 


•3 


Inches 


i 


i 


i 


16 


16 


16 


i 


i 


i 


12 


12 


12 


X 
X 

NO 


J 


«>< 


XS 


41 


25 


TABLE  S.— Continued 
Elements  of  Carnegie  I  Beams 


4 


5 


I 


n 


Flange 


Web 


iWeb 


Inches  Pounds  '  Inches    Inches    Inches 


10 


8 


5 


40 

35 
30 


35 
30 

^5 

21 


25-5 

23 
20.5 

18 


20 
17.5 


17.25 

H-75 

12.2$ 


14-75 
12.25 

9-75 


10.5 

9-5 
8.5 

7.5 


7.5 
6.5 


5i 


41 

4j 

i 


4 


3i 
3i 

3i 


3I 
3f 


3i 

3 


2i 

2i 
2| 


2i 
2i 

ii 


i 
i 


A 

t 

i 


i 
i 
i 


i 


f 

1 


A 
i 


i 


f 

A 

4 


i 

A 
A 
i 


4 

i 


i 
A 

i 


Inches 


8 
8 
8 
8 


7 
7 
7 
7 


6i 
61 


5i 

Si 

5i 


i 


i 

A 

i 
i 


A 
i 


4} 
4i 


3i 
3i 
3  J 


2| 

2i 

2i 
2i 


Inches 


Pl 


Ft.-Lb. 


42  000 

39  000 

36  000 

33  000 


33  000 
30  000 
27  000 
25  000 


23  000 
21  000 
20  000 
19  000 


16  000 
15  000 
14  000 


i 


i 
i 
i 


i 
i 


li 
li 
li 


i 
f 
i 


II  600 

10  700 

9  700 


8  100 
7  300 
6  400 


4  800 
4  500 
4  200 

4  OOP 


2  600 
2  400 

2  200 


Gace 


Inches 


2| 

2I 

2i 

2! 


2| 
2i 
2i 
2| 


2i 

2i 


2i 
2i 
2i 


2 
2 

2 


1} 
If 
If 


1} 
Ij 
li 
I{ 


1} 
li 

ii 


Grip 


tnchei 


i 

! 

i 


i 
i 
i 
i 


I 

I 


i 
i 


A 
A 
A 
A 


A 
A 


tance 


IdcIms 


A 


r¥ 


A 
A 

i 


i 


A 


A 


A 

A 


i 

i 


s 
9 


Inches 


Incha 


8 


8 


8 


8 


Xt;«. 

00 


00    <" 

X:£ 

MUM   •* 

00 


JO 


NO 

X 
X 


SUFPLEMENTABV   BeAMS 


27 

24 
21 

18 

»s 

12 
10 


83.0 
69.S 

57-S 
46.0 

36.0 

27-S 
22.0 


8   17.S 


7i 
7 

6i 
6 

5i 

5 
4f 

4i 


A 
I 
i 

A 
A 

i 
i 
J 


i 

A 
A 
A 
A 
i 
\ 
1 


21J 

«9 
l6i 

14 

"i 
81 
7i 
5i 


2i 

2j 
2i 

2 

li 
If 
i| 
Ii 


285  300 
214  220 
155  880 
108  620 
72  020 

44  350 
30  370 
19  450 


4 
4 

3i 

3i 
3 

2i 

2j 


i 

H 
H 
I 
A 

i 

ft 

ft 


ft 
} 
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TABLE  9 
DntEMSiONS  AND  Elbmbnts  of  Standard  Cabnbgie  I  Beams 
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TABLE  10 
Dimensions  and  Elements  of  Supplehentarv  Carnegie  I  Beaus 
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Cauikois  I-Buhs,  Fum  Cabmccu's  Poocki  Companioh.                                         I 
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TABLE  12 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  I  Beams 

American  Bridge  Company  Standards 


Sixe 

Weight 

per  Foot. 

Pounds 

Length  op  Span  in  Fbbt                                                     1 
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16 

15 

13 
12 

12 
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20 
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19 
16 
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15 

>4 
12 

II 
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20 
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19 
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49 
47 
45 
43 
36 

34 
32 

31 
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29 

27 

25 

24 
20 

19 
'I4 

51 

45 

43 

41 

39 
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31 
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29 

•/.? 
26 

25 
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22 

18 
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.ig 

22 
21 
20 
18 
16 

15 

'75  !  '87 

'9Q  :.."| 

12" 

55. 
50. 

45- 
40. 

35. 
31.5 

12 
II 
II 

10 
8.5 
8.0 

II 
10 
9.8 
9.2 
7.8 
7-4 

10 
9.6 

9.1 
8.5 
7.2 
6.9 

9-5 
9.0 

8.4 

8.0 

6.8 

6.4 

.... 

Def. 

.20 

'23 

.67 

'79 

'93  !  I'l 

1 

1.2  1.... 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  stress  of  16,000  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load  and  four-fifths 
values  given  for  deflection. 

Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  plastered 
ceilings. 
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TABLE  U.—Conlittiud. 

Safe  Loads,  in  Tons,  and  Deflections,  Casnbgie  I  Beams. 

Ahbeican  Budge  Company  Standards. 
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The 
the  en 

For 
the  va 

For 

figures  give  the  safe  unilotm  load  in  tons,  based  on  extreme  fibre  atreas  o(  16.000  lb.,  01 
oad  concentrated  at  center,  use  one-halF  of  figurea  given  for  safe  loads  and  four-fifths  of 
figures  at  tight  of  heavy  zigiag  lines,  deflections  are  excessive  for  plastered  ceilings. 

Percent  of 

TABLE 
TABinj»E  Safe  Loads  for  Beams 

12a. 

ND  Channels  Without  Lateral  Suppoii- 

Authority. 

Falio  of  -Span,  or  Distance  Brtwern  Lawral  Supuoru,  to  Flanie  Widih.                    1 

>D 

IS         JO        25    1    30    1    3S 

40 

4s  1  50    5s    00    6s    70  1  js    »o  1  es  1  s«  1  M  r« 

Ombria 

100 

100  1  99      93      87  !  80 

73 

67    61    56   51I47   43  :39i36';3lTQliS'j6 
Ratios  above  not  allowed  by  American  Bridge  Co. 

The  tabular  «afe  loads  should  be  reduced  in  accordance  with  the  ratios  given  in  the  above  tibJe  j 
inordcr  to  insure  that  the  !tres5CS  in  the  compression  flanges  should  not  exceed  the  allowed  unit  itiiM,  | 

TABLE  13. 
Safe  Loads,  in  Tons,  and  Deflections,  Supplementary  I-Beams. 


Size. 

Weight. 

Span  in  Feet.  Safe  Uniform  Load  in  Tons,  and  Deflection  in  Inrhes. 

27" 

83.0 

Span 

10 

114 
.06 

10 

86 

.07 

9 

69 
.06 

8 

54 
.06 

7 

41 

.06 

6 

29 

.OS 

6 

20 

.06 

5 

15 
05 

II 

104 

.08 

II 

78 
.08 

10 

62 

.0; 

9 

48 

.08 

8 

36 

.07 

7 

25 

.07 

7 

17 
.08 

6 

.07 

12 
95 

.og 
12 

71 
.10 

II 

56 

.10 

10 

43 
.op 

9 

32 

.og 

8 

22 
.og 

8 

15 
.11 

7 
II 

.10 

13 

88 

.10 

13 

66 

.12 
12 

52 
.12 

II 

39 
.11 

10 

29 

.// 

9 
20 

./r 

9 
13 

8 
9.7 

14 

81 

./2 

15 
76 
.14 

16 
71 

17 
67 

18 
63 

18 

47 
.22 

17 
36 

•23 
16 

27 

15 
19 

'25 

14 

12 

H 

8.7 
•52 

13 
6.0 

'35 

20 
57 

20 

43 

.28 

18 

22 
52 

22 

39 

'34 
20 

24 

47 

'35 

24 

35 
.^0 

22 

28 

20 

26 

44 
42 
26 

33 
.^7 

28 
40 

28 
30 

'54 

30 
38 

30 
28 

.62 
28 
22 

.d2 
26 
16 

.62 

24 
12 

.64 

22 

8.0 

.67 

Load 

Def. 

.16 

.18 

17 
50 

16 

39 
.20 

15 
29 

.2/ 

H 

20 

13 
13 

'23 

13 

24 

69.S 

Span 

14 

61 

■^4 
13 
48 

12 
36 

II 

26 

10 
18 

10 

12 

15 

57 
.16 

H 

44 

13 

33 
.16 

12 

II 
16 

'^7 
II 

II 

16 

53 
./^ 

15 

41 

./<? 

H 

31 

.18 

13 

22 

./p 
12 

15 
.20 

12 

Load 

Def. 

21 

575 

Span 

24 
26 

'45 
22 

20 

.^5 
20 

H 

18 
10 

'45 
18 

6.7 

26 
24 

'53 

24 

18 

.55 
22 

13 

'54 
20 

8.8 
•55 

Load 

34 

31 

Def. 

.^5 

.52 

18 

46.0 

Span 

17 

25 

18 

Load 

24 

22 

'37 
18 

16 

17 
10 

.40 

17 
7.1 

Def. 

.•?7 
16 

18 

.50 

17 
17 

*S 

36.0 

Span 

Load 

Def. 

.28 

•i^ 

12 

27.S 

Span 

15 

16 

Load 

12 

II 

Def. 

•J^ 

'35 

10 

22.0 

Span 

15 

16 

20 
6.1 
.66 

22 

5.5 
.80 

20 
3.9 

Load 

10 

II 

7-1 
.25 

9-3 

12 

6.4 

'30 

8.1 

7.6 

Def. 

'^7 

9 
8.6 

.20 
10 

7.8 
.2/ 

'37 

.42 

8 

175 

Span 

14 

15 

16 

17 

18 

4-3 
.67 

Load 

5-5 

5-2 

4.8 
'53 

4.6 
.60 

Def. 

.^0 

.^d 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber-stress  of  16,000  lb.; 
or  the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one  half  of  figures  given  for  allowable  load  and  four- 
fifths  values  given  for  deflection. 

Figures  for  deflection  are  in  inches. 

For  figures  to  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  plastered 
ceilings. 
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TABLE  14 
Propbrties  of  Carnegie  Channels 


t\            '^ 

XXstanoe 

1 

1 

1 

' 

1 

I 

i 

1 

s-l i J\.u 

Section 
Modu- 
lus 

Dis- 
tance 
from 
Center 

of 
Gravity 
to  Out- 
side of 
Web 

Maximum 

Bending 

Moment 

(^  16.000 

Lb.  per 

Sq.  In. 

Back  to 
Back  Re- 
quired 
to  Make 
Radii  of 
GyiatioB 
Equai 

I  xm  Moment 
of  Inertia 

r  -  Radius  of 
Gyration 

Axiai-i 

Azis3-3 

Azisi-i 

Azisa-2 

Axisi-i 

Axis  i-i 

Ii 

Is 

ri 

rs 

St 

X 

Ml 

Indies 

Pounds 

Inches* 

Inches 

Inches 

Inches* 

Inches* 

Inches 

Inches 

Inchest 

Indies 

Ft.-Lb. 

Indies 

IS 

55 

16.18 

0.818 

3.818 

430.2 

12.19 

5.16 

.868 

574 

.823 

76  CXX) 

8.53 

50 

14.71 

0.720 

3.720 

402.7 

11.22 

5-23- 

.873 

537 

.803 

72  000 

8.71 

45 

13.24 

0.622 

3.622 

375-1 

10.29 

5-32 

.882 

50.0 

.788 

67  000 

8.92 

40 

11.76 

0.524 

3-524 

347.5 

9-39 

5.43 

.893 

46.3 

.783 

62  000 

915 

35 

10.29 

0426 

3.426 

320.0 

8.48 

5.58 

.908 

42.7 

.789 

57  000 

943 

33 

9.90 

0.400 

3400 

312.6 

8.23 

5.62 

.912 

417 

.794 

56  OCX) 

9.50 

12 

40 

11.76 

0.758 

3418 

197.0 

6.63 

4-09 

751 

32.8 

.722 

44000 

6.60 

35 

10.29 

0.636 

3.296 

179.3 

590 

4-17 

.757 

29.9 

.694 

40  OCX) 

6.81 

30 

.  8.82 

O.51J 

3-173 

161.7 

5.21 

4.28 

.768 

26.9 

.677 

36  OCX) 

7.07 

25 

7.35 

0.390 

3.050 

144.0 

4.53 

443 

.785 

24.0 

.678 

32  000 

7.36 

20.5 

6.03 

0.280 

2.940 

1 28. 1 

3.91 

4.61 

.805 

21.4 

.704 

28  OCX) 

767 

10 

35 

10.29 

0.823 

3.183 

II5.5 

4.66 

3.35 

.672 

23.1 

.695 

31   OCX) 

5-17 

30 

8.82 

0.676 

3.036 

103.2 

3.90 

3.42 

.672 

20.6 

.651 

28  OCX) 

540 

25 

7.35 

0.529 

2.889 

91.0 

3.40 

3.52 

.680 

18.2 

.620 

24  OCX) 

5.67 

20 

5.88 

0.382 

2.742 

78.7 

2.85 

3.66 

.696 

157 

.609 

21   OCX) 

5-97 

15 

4.46 

0.240 

2.600 

66.9 

2.30 

3-87 

.718 

134 

.639 

18  000 

6.33 

9 

25 

7.35 

0.615 

2.815 

70.7 

2.98 

3.10 

.637 

157 

.615 

21   000 

4.84 

20 

5.88 

0.452 

2.652 

60.8 

2.45 

3.21 

.646 

13.5 

.585 

18  OCX) 

5.12 

15 

4.41 

0.288 

2.488 

50.9 

1.9s 

3.40 

.665 

11.3 

.590 

15   000 

5-49 

13.25 

3.89 

0.230 

2.430 

47.3 

1.77 

3.49 

.674 

10.5 

.607 

14  OCX) 

5.63 

8 

21.25 

6.25 

0.582 

2.622 

47.8 

2.25 

2.77 

.600 

1 1.9 

.587 

16  OCX) 

4.23 

18.75 

5-51 

0.490 

2.530 

43.8 

2.01 

2.82 

.603 

II.0 

.567 

IS  000 

4.38 

16.25 

4.78 

0.399 

2439 

39.9 

1.78 

2.89 

.610 

lO.O 

.556 

13  000 

4-54 

1375 

4.04 

0.307 

2.347 

36.0 

1.55 

2.98 

.619 

9.0 

.557 

12  000 

4.72 

11.25 

3.35 

0.220 

2.260 

32.3 

1-33 

3.11 

.630 

8.1 

.576 

II  000 

4-94 

7 

1975 

5.81 

0.633 

2.513 

33-2 

1.85 

2.39 

.565 

9-5 

.583 

12  600 

348 

17.25 

5.07 

0.528 

2.408 

30.2 

1.62 

2.44 

.564 

8.6 

.555 

II  500 

35 

1475 

4.34 

0.423 

2.303 

27.2 

1.40 

2.50 

.568 

7-8 

.535 

10  3cx> 

3.80 

12.25 

3.60 

0.318 

2.198 

24.2 

1.19 

2.59 

.575 

6.9 

.528 

9  2CX> 

3-99 

975 

2,85 

0.210 

2.090 

21. 1 

.98 

2.72 

.586 

6.0 

.546 

8  OCX) 

4.22 

6 

15.5 

4.56 

0.563 

2.283 

19.5 

1.28 

2.07 

.529 

6.5 

.546 

8  700 

2.91 

13.0 

3.82 

0.440 

2,160 

17.3 

1.07 

2  13 

.529 

5.8 

.517 

7  700 

3.09 

10.5 

3.09 

0.318 

2.038 

15.1 

.88 

2.21 

•534 

5-0 

.503 

6  700 

3.28 

8 

2.38 

0.200 

1.920 

13.0 

.70 

2.34 

•542 

4-3 

.517 

5  800 

352 

5 

11.5 

3.38 

0.477 

2.037 

10.4 

.82 

1.7s 

.493 

4-2 

.508 

5  500 

2.34 

? 

2.65 

0.330 

1.890 

8.9 

.64 

1.83 

.493 

3.5 

.481 

4  700 

2,56 

6.5 

1.9s 

0.190 

1.750 

74 

48 

1.95 

-498 

3.0 

489 

3  900 

2.79 

4 

7.25 

2.13 

0.325 

1.725 

4.6 

44 

1.46 

.455 

2.3 

.463 

3  000 

1.85 

6.25 

1.84 

0.252 

1.652 

4.2 

.38 

1.51 

•454 

2.1 

.458 

2  800 

1.96 

5.25 

1.55 

0.180 

1.580 

3.8 

.32 

1.56 

453 

1.9 

464 

2  500 

2.06 

3 

6 

1.76 

0.362 

1.602 

2.1 

.31 

1.08 

.421 

14 

459 

I  800 

1.07 

5 

147 

0.264 

1.504 

1.8 

.25 

1. 12 

.415 

1.2 

443 

I  6cx) 

1.19 

4 

1. 19 

0.170 

1.410 

1.6 

.20 

1. 17 

.409 

I.I 

.443 

I  4cx> 

1.31 

32 


TABLE  16. 
Web  Resistances  for  Channels. 


Carnegie  Channels,  From  Carnegie's  Pocket  Companion. 


Depth 
of 

Chan- 
nel. 


Inches. 


IS 


13 


Z3 


zo 


Weight 
iSt. 


Pounds. 


55.0 
50.0 
45.0 
40.0 
35.0 
33.0 

50.0 
45.0 
40.0 
37.0 
35.0 
32.0 

40.0 
35.0 
30.0 
25.0 
ao.s 

3S.O 
30.0 
25.0 
20.0 
15.0 

25.0 
20.0 
15.0 
13.2s 


Allowable 

Web 

Shear. 


Pounds. 


122700 
108000 
93300 
78600 
63900 
60000 

102830 
88140 
734S0 
64610 
58760 
48750 

90960 
76320 
61560 
46800 
33600 

82300 
67600 
52900 
38200 
24000 

S5350 
40680 
25920 
20700 


Allowable 

Min. 
End 

End 
Reac- 

Depth 
of 

Weight 

Buckling 

Bear- 

tion 

Chan- 

per 

Resistance. 

ing. 

fl-3r. 

nel. 

Foot. 

Pounds 
per  Sq.  In. 

Inches. 

Pounds. 

Inches. 

Pounds. 

15820 

S.7 

93830 

21.25 

15390 

6.0 

80350 

18.75 

14820 

64 

66840 

8 

16.25 

14040 

6.9 

S33SO 

13.7s 

12900 

7.9 

398SO 

11.25 

12510 

8.2 

36270 

19.7s 

16150 

4.8 

86250 

17.25 

15680 

5.0 

71760 

7 

14.75 

15020 

S.4 

57360 

12.25 

14470 

S.7 

48540 

9.7s 

14020 

6.0 

43770 

13000 

6.8 

32900 

6 

iss 

13^ 

16260 

n 

80090 

10.5 

15730 

65040 

8.0 

14950 

5.0 

49850 

13670 

5.8 

34660 

XX.S 

11570 

74 

21060 

5 

9.0 
6.5 

16900 
16440 

1:^ 

83430 
66670 

7.2s 

15730 

3.9 

49910 

4 

6.25 

14470 

44 

33160 

5.25 

11780 

6.0 

16970 

6.0 

16470 

3.2 

58220 

3 

5.0 

15550 

3S 

40420 

4.0 

I3S90 

4.4 

22500 

12220 

5.1 

16170 

Allowable 

Web 

Siear. 


Pounds. 


46560 
39200 
3x920 
24560 
Z7600 

44310 
36960 
29610 
32260 
Z4700 

33780 
26400 
Z9080 

X2000 

23850 
16500 

9SOO 

13000 

10080 

7200 

10860 
7930 
5x00 


Allowable 

Buckling 

Resistance. 


Pounds 
per  Sq.  In. 


16620 
16170 
15S30 
14490 

X270O 

X70SK> 
X6700 
16x30 
15x90 
X3330 

17150 

16640 

15730 
13810 

17x80 
16380 
14450 

X6870 
X6350 
ISISO 

17560 
X7030 

15940 


Min. 
End 

Bear- 
ing. 


Inches. 


2.8 
2.9 
3.3 

3.5 
4.3 

3.3 
34 
3.6 

2.9 
3.5 

a.o 
3.x 
3.3 

3.8 

1.7 
1.8 
2.2 

X4 

1.5 
iJb 

1.0 
x.o 
x.x 


End 
Reac- 
tion 
a -31" 


Pounds. 


53300 
43580 
34070 
34460 
15370 

S6780 
46300 
35830 
25360 
14580 

48280 
36610 
25010 
13810 

38930 
25670 
13040 

24670 
X8430 
12270 

27020 
19110 
11530 


Safe  end  reaction  /?  -  /»  X  <(a  +  rf/4).    Safe  interior  load  P  -  2/*  X  /(o»  +  rf/4). 

In  these  formulas  R  is  the  end  reaction.  P  the  concentrated  load.  /  the  web  thickness,  d  the  depth  of  the  beam, 
a*  half  the  distance  over  which  the  concentrated  load  ia  applied  and  a  the  whole  distance  over  which  the  end  reaction 
is  applied,  wliile  /»  is  the  safe  resistance  of  the  web  to  buckling  in  i>ounds  per  square  inch  by  the  formula  xs>ooo 
—  loodftr    (d{2  •-  { in  column  formula). 

The  tables  give  for  beams  with  unsupported  webs: 

1.  The  allowable  shear  V,  on  the  gross  area  of  beam  or  channel  webs  at  10.000  pounds  per  square  inch. 

2.  Allowable  buckling  resistance /«,  in  pounds  per  square  inch  computed  from  this  compression  formula. 

3.  The  distance  a,  or  the  distance  over  which  the  end  reaction  must  be  distributed  when  the  shearing  stress. 
V,  in  the  web  is  the  maximum  allowable  of  10,000  pounds  per  square  inch. 

4.  The  allowable  end  reaction  (R)  when  a  is  taken  at  3I''  which  is  the  usual  length  of  beam  actually  resting 
on  the  4"  angles  ordinarily  used  in  building  construction  for  beam  seats. 


Cambria  Channels,  Uniformly  Loaded,  From  Cambria  Hand  Book. 


5 
a 


In. 


Weight 
per  Ft. 

Max. 

Safe 
Load. 

Min. 
Span. 

Lb. 

Lb. 

Ft. 

4 

X0970 

1. 1 

5 

17830 

0.8 

6 

25260 

.6 

5.35 

X4300 

1.4 

6.25  21660 

x.x 

7.35 j  39830 

.9 

6.5   17390 

1.6 

9    3S900 

x.x 

1 1. 5   S4930 

1 

.9 

i 


In. 


8 


•ss: 

n 


MI 


Lb. 

Lb. 

8 

X0.5 
13 
IS.5 

20280 
39580 
58300 
76540 

9.75 

12.25 
14.75 
17.25 
19.7s 

22950 
43660 
62200 
82x10 
99880 

XI.25 
13.75 
X6.25 

25560 
44800 
64140 

It 


Ft. 


3.3 

1.4 
x.x 
x.o 

2.8 

1.7 
1.4 

X.2 

x.x 

34 
2.2 

1.7 


8 


xo 


n 


In.    I     Lb. 


X8.75 
21.25 

13.35 

15 

20 

35 

is 
20 

25 

30 

35 


Lb. 


83150 
xoxSoo 

28x20 

t2250 
0980 
1x88x0 

30570 

67420 

107670 

X47010 

X 8 2940 


Ft. 


1.5 
X.3 

4.0 

3.9 
X.8 
14 

4.7 
2.6 
1.9 
1.6 

1.4 


5 
a 


In. 


12 


IS 


n 

^K 


Lb. 


20.5 

35 
30 
35 
40 

33 

3S 
40 
4S 
50 

55 


Lb. 


83430 
95070 
130940 
17 1400 
21x750 
251710 


I 


Ft. 


41390  5.5 

75440  3.5 

1 14230  2j6 

156000  '  2.1 

X93930I  1.9 


S4 

4.9 
4.3 
3.2 
2.8 

3.5 


34 


TABLE  17.— Continued 
Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  Channels 
American  Bridge  Company  Standards 


Sbe 

Weight 

per 

Foot. 

Pounds 

Lbngth  op  Span  in  Fbbt 

5 

6 

7 

8 

9 

7.1 
6.5 

5.9 

5.3 
4.8 

5.6 
4.6 

4-1 
3.7 
.10 

3-9 

3-4 
3.0 

2.6 
.22 

2.5 
2.1 

1.8 

.27 

10 

6.4 

5.8 

5.3 
4.8 

4.3 

S-i 
4.6 

4.1 

3-7 

3-3 

.24 

3.5 
3.1 
2.7 
2.3 
.28 

IX 

5.8 

5-3 
4.8 

4-4 
3.9 

'25 

4.6 
4-2 

3.8 

3-4 
3.0 

.2Q 

3.2 

2.8 

2.4 

2.1 
.?? 

la 

5-3 

4.9 

4.4 
4.0 

3.6 

$0 
4.2 
3.8 

3.5 

3.1 

2.8 

.?4 

13 

4.9 
4.5 
4.1 
3.7 

?•? 

14 

4.6 

4.2 
3.8 

3.4 
3.1 

IS 

4-2 

3.9 
3.5 

3-2 

2.9 

16      18      20 

1 

22 

«4 

8" 

21.25 

18.75 
16.25 

13.75 
11.25 

13 
12 

II 

9.6 
8.6 

.0$ 

II 

9.7 
8.9 

8.0 
7.2 

9-1 

8.4 

7.6 
6.2 

7.9 
6.7 

6.0 
54 

4.0 

3.7 

3.3 
3.0 

2.7 

Dff. 

.07 

.10 

^^3 

'i7 

•53 

3.2 
2.9 
2.6 

2.3 
2.1 

,61 

2.2 
1.9 

1.7 
1-4 

•71 

1.4 
1.2 

•99 

^f 
.76 
.70 
.63 
I.I 
.46 

.36 

•  ••  •)•  ■•• 

7" 

1975 
17.25 

14.75 
12.25 

9.75 

10 

9.2 

8.3 

7-4 
6.7 

.06 

8.4 

in 
6.9 

6.1 

5.6 

.00 

7-2 

6.6 

5.9 

5.3 
4.8 

6.3 
5.8 

4.6 
4.2 

3.9 

3.5 
3.2 

2.8 

2.6 

3.6 

3.3 
3.0 

2.6 

2.4 

3-4 

3.1 

2.8 

2.5 
2.2 

2.3 
2.1 
1.8 

15 
.62 

1.5 

1-3 

1.0 

•7^ 

.81 

.74 
.67 

•0? 

.49 
.44 
.39 
1.2 

Dff. 

,12 

15 

.40 

.46 

6" 

>5-5 

13. 
10.5 

8. 

7.0 
6.2 

4.6 
.07 

5.8 

S.I 
4.5 
3.9 
.10 

5.0 

4-4 

3.8 

3-3 

4.3 

3-9 

3.4 
2.q 

2.9 
2.6 
2.2 
1.9 

.40 

1.9 

1.6 
1.3 
.48 
1.0 

•93 

.84 

.60 

.61 

•55 
.48 

2.7 

2.4 
2.1 

1.8 

•47 

1-7 

15 
1.2 

•56 

.94 
.86 

.78 

•70 

.57 
.50 

.4«; 

2.5 
2.2 

1-9 

1-7 

•  f^ 
1.6 

1.4 
I.I 

.6s 

.87 
.80 

•72 

.81 

•53 
•47 
.41 
I.I 

Dff. 

3.2 
2.7 

2.3 

.18 

S" 

11.5 

4-4 
3.8 

3.2 
.08 

3.7 

2.6 
.12 

2.8 

2.4 
2.0 

2.2 

1-9 
1.6 

.?? 

2.0 

1.7 
1.4 

I.I 
1.0 

.92 
50 

.67 

.60 

■53 
.67 

Def. 

.16 

.21 

4" 

6.25 

5-25 

2.4 
2.2 
2.0 

2.0 

1.9 
1.7 

1-7 
1.6 

1.4 
.20 

1.5 
1-4 
1.3 

1-4 
1.2 

1.2 
I.I 

I.I       1.0 

Dff. 

.10 

./5 

.26 

.82 
.7"? 

.74 

3" 

6. 

5- 

4- 

1-5 

1.3 
1.2 

.14 

1.2  1  1-1 

.92 
.82 

.73 

I.I 

•97 

■94 

.8^ 

•/J 

.64  1  .58 

•45  ,  -55 

Dej. 

.20 

.:?7         .?C 

.80    .0  ? 

1  ■  '    1   ■•'" 

1  ^^  1  "  " 

1 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  stress  of  i6,ooo  lb., 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths 
the  values  given  for  deflections. 

Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  plaster 
ceilings.  | 

or 
of 

ed 
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TABLE  18. 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  Channels  Laid  Flat. 

American  Bridge  Company  Standards. 


Sixe 

Weight 
Pounds. 

Lbngth  op  Span  in  Fbbt. 

Size. 

Weight 

Foot, 
Pounds. 

Length  of  Span  in  Fxkt. 

3 

6.8 
6.4 

5-9 
5-6 

4 

5-4 
5.1 
4-8 
4-5 
4.3 

f» 
'OS 

3-3 
30 
2.8 

2-5 
2.3 

.06 

2.5 
2.2 
2.0 
1.8 

.07 

1.8 
1.6 

1-3 

1.3 

s 

4.3 
4-1 

3.6 

3.4 
3.4 
.oS 

2.6 

2.4 
2.2 

2.0 

1-9 

.og 

2.0 

1-7 
1.6 

1.4 

1.2 

.// 

1-4 

1.3 
1. 1 

I.O 

,12 

6 
3.6 

3-4 

3.2 
3.0 

2.8 
2.8 

.12 

2.2 
2.0 
1.8 

1-7 

.14 

1.6 

1.4 

1-3 
1.2 

I.O 

'IS 
1.2 

I.O 

.91 
.86 

'I7 

7 

3-1 
2.9 

2.8 

2-5 
2-4 

2.4 
.16 

1-9 

1.6 

1-4 
1-3 

.18 

1.4 
1.2 
I.I 

I.O 

.89 
.21 

8 

2.7 
2.6 

2-4 
2.2 

2.1 

2.1 

.21 

1.6 

1.5 

1.4 

1.3 
1.2 

.24 

9 

2.4 

2-3 
2.1 

2.0 

1-9 
1.9 
.26 

1-5 

1.3 

1.2 
I.I 
I.O 

.^0 

3 

1-9 

1.8 

1.7 
1-5 
1.4 

'OS 

1.7 

1-5 

1-4 
1.2 

I.I 

•^^ 

1.3 
I.I 

I.O 

.88 

OS 

.95 
.81 

.67 
.06 

4 

1-5 

1-3 
1.2 

I.I 

I.O 

.oS 

1-3 
I.I 

I.O 

•95 
.85 

.op 

.98 
.87 
.76 
.66 

.10 

5 

1.2 
I.I 
I.O 

-92 

.84 

./? 
I.O 

.93 

.81 
.76 
.67 

'I4 

6 

.98 

.91 

.84 

77 
-70 

.85 
'77 

.56 
.20 

7 

.84 
.78 

.72 
.66 
.60 

'24 

-73 
.66 

.60 

.54 
.48 

.26 

8 

•74 
.68 

.63 

.58 

•53 

'32 

.64 
.58 

•53 
.47 
.42 

'3S 

•49 

•43 
.38 

•33 

'3S 

.36 

.30 

.42 

9 

.65 
.61 
.56 

.51 

-47 
.40 

'S7 
•52 
.47 
-42 
.37 

-44 

•43 

.39 

•34 
.29 

.4S 

-32 

.27 
.22 

'S4 

IS" 

55. 
50. 

45. 
40. 
35- 
33- 

8" 

21.25 

18.75 
16.25 

1375 
11.25 

Dff. 

Def. 

'03 

4-4 
4.0 

3.7 
3-4 

•^,? 

3.3 
2.9 

2.7 

2.4 
2.1 

.04 

2.4 
2.1 

1.8 

1.7 

,04 

7" 

19-75 
17.25 

H-75 
12.25 

9.75 

12" 

40. 

35. 
30. 

25. 
20.5 

Dff. 

Def. 

6" 

15-5 

13. 
10.5 

8. 

.61 

.53 
'IS 

.65 
.58 

-51 
•44 
.22 

-47 
-40 
.34 

.56 
.50 

•43 
.38 

.2Q 

.41 

.35 
.29 

lO" 

35. 
30. 

25. 
20. 

15- 

1.2 
I.I 
I.O 

.89 
.78 

'^7 

I.I 
I.O 

.89 

-79 
.69 

•34 

Drf. 

5" 

II.5 

.71 
.60 

.50 
.// 

'S7 
.48 

.40 
17 

Dff. 

9" 

25. 
20. 

15- 

13-25 

I.O 

•90 

.78 

-74 
.22 

.90 
-79 

.68 
.65 

.2Q 

.80 

.70 
.61 

.57 

'37 

Dff. 

.24    .32 

/>//. 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber  stress  of  i6,ooo  lb.,  or 
the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 
the  values  given  for  deflections.     Figures  for  deflections  are  given  in  inches. 

For  figures  at  right  of  heavy  zigzag  lines,  deflections  are  excessive  for  plastered  ceilings. 

TABLE  18a. 

Coefficients  of  Deflection,  Uniformly  Distributed  Loads. 

For  Concentrated  Load  at  center  use  four-fifths  the  tabular  coefficient. 


Span, 
Feet. 

Fiber  Stress,  Pounds 
per  Square  Inch. 

Span, 
Feet. 

Fiber  Stress,  Pounds 
per  Square  Inch. 

Span, 
Feet. 

Fiber  Stress.  Pounds  per 
Square  Inch. 

x6ooo 

14000 

12500 

X6000 

14000 

I2S0O 

X6000 

14000 

12500 

I 

2 

3 
4 
5 
6 

7 
8 

9 
10 

II 
12 

13 
14 
15 

0.017 
0.066 
0.149 
0.265 
0.414 

0.596 
0.81 1 
1.059 
I.34I 
1.655 

2.003 
2.383 
2.797 

3.244 
3.724 

0.014 
0.058 
0.130 
0.232 
0.362 

0.521 
0.710 
0.927 

1. 173 
1.448 

1.752 
2.086 
2.448 
2.839 

3.259 

0.013 
0.052 
O.I  16 
0.207 
0.323 

0.466 
0.634 
0.828 
1.047 
1.293 

1.565 
1.862 
2.185 

2-534 
2.909 

16 

17 
18 

19 
20 

21 
22 

23 
24 
25 
26 

27 
28 

29 
30 

4-237 

4.783 

5-363 

5-975 
6.621 

7.299 
8.01 1 

8.756 

9.534 
10.345 

II. 189 
12.066 
12.977 
13.920 
14.897 

3.708 
4.186 
4.692 
5.228 

5-793 

6.387 
7.010 
7.661 
8.342 
9.052 

9.790 
10.558 
11.354 
12.180 
13.034 

3.310 

3-737 
4.190 
4.668 
5.172 

5-703 
6.259 
6.841 

7.448 
8.082 

8.741 

9.427 
10.138 

10.875 

11.638 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 

15.906 
16.949 
18.025 
19.134 
20.276 

21.451 
22.659 

23.901 

25^175 
26.483 

27.824 
29.197 
30.603 

31-954 
33-517 

13.918 
14.830 

15.772 
16.742 

17.741 
18.770 
19.827 
20.913 
22.028 
23.172 

24.346 
25.548 

26.779 
28.039 

29.328 

12.427 
13.241 
14.082 
14.948 
15.841 

16.759 

17.703 
18.672 
19.668 
20.690 

21.737 
22.810 

23-909 

25-034 
26.185 

To  find  the  deflection  in  inches  of  a  section  symmetrical  about  the  neutral  axis,  such  as  beams, 
channels,  zees,  etc.,  divide  the  coefficient  in  the  table  corresponding  to  given  span  and  fiber  stress 
by  the  depth  of  the  section  in  inches.    For  unsymmetrical  sections,  such  as  angles  and  channels 
laid  flat,  cnvide  the  coefficient  by  twice  the  distance  from  neutral  axis  to  most  extreme  fiber. 
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TABLE  19. 

Moments  op  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  Out,  Distances  from  Back  to  Back. 


Properties 

of  Two  Cbannelt, 

Flanges  Turned  Out. 


s — 


Depth. 
Weight. 

Area  a[8 

Ix-a[» 
Flange  a[» 


10 

loi 
II 

:;! 

Hi 

12 


< — 6 — ) 


-Jfl 


For  Distanots 

Measured  from 

Back  to  Bade 


S" 


6.50 


3.90 
Z4.8 

3i 


9.00 


X7.8 
3f 


8.00 


4.76 
36.0 


10.50 


6.18 
3o.a 

4i 


/' 


9-75 


5.70 
4a  .a 

4i 


za.as 


7.ao 

48.4 

4I 


8 


// 


tx.as 


6.70 
64.6 

a\ 


X3-75 


8.08 

J  2  JO 

4l 


z6.a5 


9.56 

79.8 

5 


•jt 


i3.«5 


7.78 
94.6 

5 


15.00 


8.8a 

101.8 

5 


y>,OP 


11.76 
zaz.6 

5i 


Moments  of  Inertia  of  a  Channels  About  Axis  Y-Y  for  Various  Distances  Back  to  Back.     In,*. 


16.4 
18.4 
20.5 
22.8 

27.6 
30.2 
33.0 

35-8 
38.8 

41-9 
45.1 

48.4 

51-9 

55-5 
59.2 

63.0 
67.0 
71. 1 
75-3 

79.6 
84.0 
88.6 

93-3 

98.1 
103.0 
108.0 
113-2 

118.5 
123.9 
129.5 
135. 1 

140.9 
146.8 
152.8 
159.0 
165.3 


22.1 

24.8 

30.7 

33-9 

37^3 
40.8 

44.5 
48.4 

52.4 
56.6 

61.0 

65-5 
70.2 

75-1 
80.1 

85.1 

90-5 
96.0 

101.7 

07.5 

13-5 
19.7 

26.1 

32.6 

39-3 
46.1 

53-1 

60.3 
67.7 

75-2 
82.8 

90.7 

98.7 
206.8 
215.2 
223.7 


20.8 
23.2 
25.9 
28.6 

31.6 

34-6 
37.8 
41.2 

44-7 
48.4 

52.2 

56.2 

60.3 
64.6 
69.0 

73-5 

78.2 
83.1 
88.1 

93-3 

98.6 
04.0 
09.6 

15-4 

21.3 

27.3 

33-5 
40.0 

46.4 

53-0 
59.8 

66.7 

73.8 
81. 1 
88.4 
96.0 
203.7 


26.5 

25-8 

29.7 

28.8 

33.1 

32.0 

36.6 

35.4 

40.4 

38.9 

44.4 

42.6 

48.6 

46.5 

52.9 

50.6 

57-5 

54.8 

62.2 

59-2 

67.2 

63.8 

72.3 

68.6 

77.6 

73-6 

83.1 

78.7 

88.8 

84.0 

94-8 

89.5 

100.8 

95.2 

107. 1 

10 1. 0 

113.6 

107. 1 

120.3 

"3-3 

127.2 

119.6 

134.2 

126.2 

141.5 

132.9 

148.9 

139-9 

156.6 

146.9 

164.4 

154.2 

172.5 

161.7 

180.7 

169.3 

1 89. 1 

1 77. 1 

197-7 

185. 1 

206.5 

193-3 

215.5 

201.6 

224.7 

210.1 

234.1 

218.8 

243.6 

227.7 

253-4 

236.7 

263.4 

246.0 

32.0 

31-5 

35.8 

35-1 

39.7 

38.9 

44.0 

42.9 

48.4 

47.1 

53-1 

51.6 

58.0 

56.2 

63.1 

01. 0 

68.4 

66.1 

74.0 

71-3 

79-8 

76.8 

85.8 

82.5 

92.0 

88.4 

98.5 

94-5 

105.2 

100.8 

112.1 

107.3 

1 19.2 

1 14.0 

126.6 

120.9 

134.2 

128.1 

142.0 

135-4 

1 50. 1 

143.0 

158.3 

150.8 

166.8 

158.7 

175.5 

166.9 

184.4 

175-3 

193.6 

183.9 

203.0 

192.8 

212.6 

201.8 

222.4 

211.0 

232.5 

220.5 

242.8 

230.1 

253-3 

240.0 

264.1 

250.1 

275.0 

260.3 

286.2 

270.8 

297.6 

281.5 

309-3 

292.4 

37.3 

41.6 
46.1 

50.9 
55.9 

61.2 
66.8 
72.6 

78.6 

84-9 

91-5 
98.2 

105.3 
112.6 
120.2 
128.0 

1 36. 1 
144.4 

153.0 
161.8 


200.0 

209.7 
220.1 
230.7 
241.5 

252.6 
264.0 
275.6 

287.4 

300.0 
311.9 

324-5 
337-4 
350.5 


44.0 
49.0 

54-4 
60.1 

66.0 
72.3 

78.9 
85.7 

92.9 
100.3 
108. 1 
1 16. 1 

124.5 
133.2 
142.1 
151.4 

160.9 
170.8 
180.9 
191.3 


170.9  202.0 
180.2  213.0 
189.8  <  224.4 


236.0 

247-9 
260.2 

272.7 

285.6 

298.7 
312.1 

325-8 

339-9 

354-2 
368.8 

383.8 
399.0 

4H-5 


38.1 
42.3 
46.8 

51.5 

56.4 
61.6 
67.1 
72.8 

78.7 
84.9 

91.3 
97.9 

104.8 
1 12.0 
119.3 
127.0 

134.8 
143.0 
151.3 
160.0 

168.8 

177.8 
187.2 
196.7 

206.5 
216.6 
227.0 

235.7 
248.2 

259.3 
270.5 
282.1 

293.8 
305-1 
317-9 
330.3 
343 -o 


424 
47.2 

52.2 

57.5 

63.1 
68.9 

750 
814 

88.1 

95-1 
102.3 

109.8 

1 17.6 
125.6 

133-9 
142.5 

1514 
160.6 
170.0 

179-7 

189.7 
200.0 
210.5 
221.3 


56.0 
62.3 
69.0 
76.1 

83.5 

913 

994 
107.9 

116.8 
1 26. 1 

135-7 
145-7 

156.0 
166.8 

177-8 
189.3 

201. 1 
213.3 

225.9 
238.8 

252.1 

265.8 
279.8 
294.2 


2324 

309.0 

243-7 

324.1 

255.3 

339.6 

267.2 

355-5 

2794 

371-7 

291.9 

388.3 

304.6 

405-3 

317.6 

422.6 

330.9 

440.3 

344.5 

4584 

358.3 

476.9 

S724 

495-7 

386.8 

514.8 
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fLAKGES    lURNED  IN,   UISTANCES  F 

KOU    DA 

CK   TO    HACK. 

^cJt- 

X 

For  t>iKvi» 

cTTwo^uot 

>. 

jj^ n_ 

Fluvn  Toned  iiL 

i 

BockloBuk. 

D^h. 

7" 

... 

1 

Wtighl. 

9-J!           ""S 

.t->S           'J-JJ     1      ■*-"!           -J-^i 

!}/» 

».» 

ij« 

»A> 

IJ-OD 

JiT»t[t 

J  JD           ;» 

6.70 

8^           9.j«            J.7" 

8.81 

I«1 

S.9> 

...,« 

'i. 

te';,. 

•s-    1- 

r 

T     !••     t 

"a 

r 

V 

b 

loenUoi 

.  OfiUKb  .b«.t  At\,  Y-Y  r 

LirVu»ii 

Diwuicxi  Back  Is  Back,     in 

7  " 

5'-7 

66.0 

s? 

73-1 

85.4 

6S.6 

78.6 

104. 8 

77-6 

104.0 

118.7 

7i 

IS1 

71-4 

79.2 

.oil 

74-4 

85.1 

113.6 

84.1 

112.7 

139-S 

Ti 

77.1 

70.2 

■  85.S 

^i 

91-0 

122.7 

90.9 

111.7 

150.8 

7! 

6s.i 

7S.6 

91-1 

108.9 

99-1 

131-i 

98.0 

131.1 

161.S 

8 

70.0 

89.2 

81.1 

98.9 

117.0 

93-1 

106.5 

142.1 

1054 

140.9 

174-7 

H 

7SO 

9SS 

87.0 

106.0 

115.3 

99-8 

114. 1 

ISl-3 

113-0 

1874 

s| 

80.J 

93.1 

1133 

134.0 

106.8 

161.9 

120.9 

l6i!6 

100.5 

81 

8S-S 

108:9 

99-4 

120.9 

143.0 

1 14.0 

"30-3 

.73.8 

129.1 

172.5 

314.1 

91.1 

116.0 

I0S.8 

128.7 

151-3 

iiM 

138-7 

185.1 

137-6 

183.7 

I2S.I 

9 

56.8 

113.2 

112-5 

136.8 

161.8 

129.1 

■47-5 

196.8 

146.J 

1954 

241-6 

9 

102.7 

130-7 

"94 

I4S-* 

171.7 

137.1 

'1^1 

208.9 

"SS-3 

K'74 

257-S 

9 

108.S 

1J84 

116.5 

153-8 

ISI.9 

145.3 

165.8 

211.3 

164-7 

219.7 

272.9 

iiS-o 

.46-4 

133-8 

162.6 

191-4 

153-7 

1754 

234.1 

174-2 

2324 

2SS.8 

ui-S 

IS4-S 

141-3 

171.7 

203.1 
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TABLE  2^.— Continued. 
Moments  of  Inertia  of  Two  Channels,  Both  Axes. 
Flanges  Turned  In,  Distances  from  Back  to  Back. 
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TABLE  21.— CorUinued. 

Moments  of  Inertia  of  Two  Channels,  Both  Axes. 

Flanges  Turned  In,  Distances  Inside  to  Inside  of  Web. 
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483.4 

508.5 

604.7 

705.0 

807.9 

914.6 

lol 

303.4 

389.S 

4984 

593.6 

701.9 

507.7 

533.9 

634.4 

739.1 

846.4 

957.6 

II 

318.6 

408.4 

512.7 

621.3 

734.1 

5327 

560.0 

664.8 

774-0 

885-7 

IOOI.5 

"i 

334.0 

427.8 

536.5 

649.6 

767.0 

558.3 

586.8 

696.0 

809.7 

926.0 

1046.5 

11^ 

3S0.0 

447.6 

560.9 

678.6 

800.6 

584.5 

614.2 

727.9 

846.3 

967.3 

1092.4 

iii 

366.1 

467.9 

585.8 

708.2 

835.0 

611.3 

642.2 

760.6 

883.6 

10094 

"394 

12 

382.8 

488.7 

611.2 

738.4 

870.2 

638.7 

670.9 

794.0 

921.8 

1052.5 

1 187.4 

12} 

399.8 

510.0 

637.2 

769.3 

906.0 

666.8 

700.2 

828.1 

960.9 

1096.4 

1236.4 

12} 

417.2 

531.6 

663.8 

800.9 

942.6 

6955 

730.2 

862.9 

1000.7 

1141.3 

1286.4 

12} 

434-9 

5537 

690.9 

833.0 

979.9 

724.8 

760.8 

898.5 

10414 

1 187.2 

1337-5 

13 

4S3.0 

576.3 

718.6 

865.9 

IOI8.0 

754.7 

792.0 

934.9 

1082.9 

1233.9 

13895 

I3I 
I3§ 

471.6 

599.4 

746.8 

899.3 

1056.8 

785.2 

824.0 

971.9 

1125.3 

1281.5 

1442.5 

490.4 

622.9 

775.6 

9334 

1096.3 

816.4 

856.5 

1009.7 

1 168.5 

1330.1 

1496.6 

I3l 

5097 

646.9 

804.9 

968.2 

1 136.6 

848.2 

889.7 

1048.2 

I212.5 

1379.6 

15517 

14 

529-3 

671.3 

834.8 

1003.6 

1 177-6 

880.5 

923.5 

1087.6 

1257-3 

1430.0 

1607.8 

Hi 

549.4 

696.2 

865.2 

1039.6 

I2I9.4 

913.5 

958.0 

1 1 27.6 

1302.9 

14814 

1664.9 

Hi 

5697 

721.6 

896.2 

1076.3 

I26I.8 

947.2 

9931 

1 168.3 

13494 

1533.6 

1723.0 

Hi 

590.5 

7474 

927.6 

1113.6 

1305.0 

981.4 

1028.9 

1209.8 

1396.7 

1586.8 

1782. 1 

IS 

61 1.7 

773.6 

959.8 

1151.6 

1349.0 

1016.3 

1065.2 

1252.0 

1444.9 

1640.9 

1842.2 

'sl 

633.2 

800.4 

9924 

1 190.2 

13937 

105 1.8 

1 102.3 

1294.9 

1493-8 

1695-9 

19034 

iSi 

655.1 

827.6 

1025.6 

1229.5 

1439.1 

1087.9 

1 140.0 

1338.6 

1543.6 

17519 

1965.5 

isi 

6774 

855.2 

1059.3 

1269.3 

1485.2 

1 1 24.6 

1 178.3 

1383.0 

1594.3 

1808.7 

2028.7 

16 

700.0 

883.3 

1093.6 

1309.9 

I532.I 

1161.9 

I217.3 

1428.2 

1645.7 

1866.5 

2092.8 

16} 

723.0 

91 1.9 

II  28.4 

1351-1 

15797 

1 199.9 

1256.9 

1474.1 

1698.0 

1925.1 

2158.0 

'^\ 

746.5 

940.9 

1 163 .8 

1392.9 

1628.0 

1238.5 

1297-1 

1520.7 

I75I-I 

1984.8 

2224.2 

i6i. 

770.2 

970.4 

1 199.7 

H354 

1677. 1 

1277.7 

1338.0 

1568.0 

1805.0 

2045.3 

2291.4 

"7 

7944 

1000.4 

1236.2 

1478.5 

1727.0 

13 17.5 

1379.6 

1616.1 

1859.8 

2106.7 

2359.6 

17I 

818.9 

1030.8 

1273.2 

1522.2 

1777.6 

1357.9 

1421.8 

1664.9 

1915-3 

2 169. 1 

2428.9 

17} 
17I 

843.9 

1061.7 

13 10.8 

1566.6 

1828.9 

1399.0 

1464.6 

1714-5 

I97I.8 

2232.4 

2499-1 

809.1 

1093.0 

1349.0 

1611.7 

1880.9 

1440.6 

1508.1 

1764.8 

2029.0 

2296.6 

25704 

18 

894.8 

1 124.8 

13877 

1657.4 

1933.6 

1482.9 

1552.2 

1815.8 

2087.1 

2361.7 

2642.6 

i8i 

920.9 

1 157.0 

1426.9 

1703.7 

1987.1 

1525.8 

1596.9 

1867.6 

2146.0 

2427.8 

2715.9 

i8| 

947.3 

1 189.7 

1466.7 

1750.7 

2041.4 

1569.4 

1642.3 

1920. 1 

2205.7 

2494.7 

2790.2 

18J 

974-1 

1222.9 

1507.0 

1798.3 

2096.3 

1613.5 

1688.4 

1973.3 

2266.2 

2562.6 

2865.5 

19 

1001.3 

1256.5 

1547.9 

1846.5 

2I52.I 

1658.3 

1735.1 

2027.3 

2327.6 

2631.4 

2941.8 

I9i 

1028.8 

1290.6 

1589.4 

1895.4 

2208.5 

1703.7 

1782.4 

2082.0 

2389.8 

2701. 1 

3019.1 

19 

1056.8 

1325.1 

163 1.4 

1945.0 

2265.7 

1749.7 

18304 

21374 

2452.8 

2771.8 

30975 

191 

1085.1 

1360.1 

1673.9 

1995.2 

2323.6 

1796.3 

1880.0 

2193.6 

25167 

2843.3 

3176.8 

20 

11137 

1395.6 

17170 

2046.0 

2382.2 

1843.5 

1928.3 

2250.5 

2581.4 

2915-8 

32571 
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TABLE  22. 
Properties  of  Two  Channels,  Spaced  Small  Distances. 


Y 

c=r 

• 
1 

p3 

Properties 

1 

• 

For  Distances 

of  Two  Channels. 

X- 

• 

— x^ 

Measured  from 

Flanges  Turned  Out* 

Back  to  Back. 

<-—- 6 — * 

• 
• 

t 

Chan- 
nds. 

Axis  X-X. 

Axis  Y-Y. 

• 

t 

• 

JC3 

fel 

1 

Total 
Area. 

b- 

•0. 

b-i". 

b- 

i". 

b- 

f". 

b- 

a^. 

& 

Is 

In. 
I.17 

h 

rj 

h 

^7 

h 

fy 

h 

^7 

h 

'y 

In.  Lb. 

In.« 

In.« 

In.« 

In.         In.*          In. 

In.« 

In. 

In.« 

In.         In.« 

In. 

4 

2.38 

3.2 

54 

1.50 

3 

S 

2.94 

3.6     1. 12 

I.I 

0.60 

1.4 

0.70 

6.6 

1.50 

6 

3.52 

4-2 

1.08 

1.4 

a62 

1.8 

0.71 

24 

0.82 

3.1 

0.93 

8.1 

1.52 

si 

3.10 

7.6 

1.56 

1.3 

0.65 

1.7 

0.74 

2.2 

0.84 

2.8 

0.95 

7-3 

1.53 

4 

6 

3.78 

8.4 

I.51 

1.6 

0.64 

2.0 

0.73 

2.6 

0.84 

34 

0.95 

8.5 

1.52 

7t 

4.26 

9.2 

1.46 

1.8 

0.65 

2.4 

0.74 

3.0 

0.84 

3.9 

0.95 

lO.O 

1-53 

5 

6i 

3.90 

14.8      1.9s 

1.9 

0.69 

2.4  I  0.78 

3.1 

0.89 

3.9 

0.99 

9.6 

1-57 

9 

5.30 

17.8 

1.83 

2.5 

0.68 

3.2 

0.78 

4.1 

0.88 

5.2 

0.98 

12.9 

1.56 

8 

4.76 

26.0 

2.34 

2.7 

0.74 

34 

0.84 

4.2 

0.93 

5-2 

1.03 

12.4 

1. 61 

6 

loi 

6.18 

30.2 

2.21 

3.3 

0.73 

4.2 

0.82 

5-3 

0.92 

6.5 

1.02 

15.7 

1.60 

13 

7.64 

34.6 

2.13 

4.2 

0.74 

5.3 

0.83 

6.6 

0.93 

8.2 

1.03 

19.7 

1. 61 

9f 

S70 

42.2 

2.72 

3.7 

0.80 

4-5 

0.89 

5.6 

0.99 

6.8 

1.09 

15.6 

1.65 

7 

I2i 

7.20 

48.4 

2.59 

4.4 

0.78 

5-5 

0.87 

6.7 

0.97 

8.3 

1.07 

19.2 

1.63 

Hi 

8.68 

544 

2.50 

5-3 

0.78 

6.6 

0.87 

8.1 

0.97 

lO.O 

1.07 

23-3 

1.64 

Hi 

6.70 

64.6 

3. II 

4-9 

0.85 

6.0 

0.94 

7.2 

1.03 

8.7 

1. 14 

19.3 

1.70 

8  I3i 

8.08 

72.0  !  2.98 

5.6 

0.83 

6.8      0.92 

8.3 

I.OI 

10. 1 

1. 12 

22.7 

1.68 

i6i 

9.56 

79.8 

2.89 

6.5 

0.83 

8.0 

0.91 

9.8 

I.OI 

II.8 

I. II 

26.7 

1.67 

i3i 

7.78 

94.6 

3.49 

6.4 

0.90 

7-7 

0.99 

9.3 

1.09 

II.O 

1. 19 

23.6 

1.74 

9  IS 

8.82 

101.8  1  3.40 

7.0 

0.89 

8.4 

0.97 

10. 1 

1.07 

12. 1 

1. 12 

26.2 

1.72 

20 

11.76 

121.6 

3.21 

8.9 

0.87 

lO.O 

0.96 

13.1 

1.05 

15.7 

I.I5 

34-5 

1.71 

15 

8.92 

133.8 

3.87 

8.2 

0.96 

9.8 

1.05 

11.6 

1. 14 

13.7 

1.24 

28.6 

1.79 

20 

11.76 

157.4 

3.66 

lO.O 

0.92 

12.0 

I.OI 

14.3 

1. 10 

17.0 

1.20 

36.2 

1.75 

to 

25 

14.70 

182.0   3.52 

12.4 

0.92 

14.9 

1. 00 

17-9 

1. 10 

21.3 

1.20 

454 

1.76 

30 

17.64 

206.4    3.42 

15.2 

0.93 

18.4 

1.02 

22.1 

1. 12 

26.3 

1.22        55.9 

1.78 

35 

20.58 

231.0   3.3s 

19.2 

0.96 

23.1 

1.06 

27.6 

1. 16 

32.8 

1.26 

68.5 

1.82 

20} 

12.06 

256.2  1  4.61 

13-4 

1.05 

16. 1 

1. 15    1     18.8 

1.24 

21.9 

1-34 

42.8 

1.89 

25 

14.70 

288.0   4.43 

1    15.8 

1.03 

18.5 

1.12    j    21.7 

1. 21 

253 

1.3 1   I   50.5 

1.85 

12    30 

17.64 

323.4   4.28 

18.5 

1.02 

21.7 

I. II 

25.5 

1.20 

29.9 

1.30 

60.0 

1.85 

35 

20.58 

358.6   4.17 

21.7 

1.02 

25.5 

I. II 

30.1 

1. 21 

35-3 

1.31 

70.9 

1.86 

40 

23.52 

394.0 

4.09 

25.5 

1.04 

30.1 

1. 13 

354 

1.22 

41.5 

1.32 

83.0 

1.88 

33 

19.80 

623.2  1  5.62 

28.8 

1.20 

33.1      1.29  '   38.0 

1.38 

43-5 

1.48 

80.2 

2.01 

35 

20.58 

640.0   5.58 

'    29.8 

1.20 

34.1 

1.28    1    39.1 

1.38 

44.8 

147 

82.8 

2.01 

I40 

23.52 

695.0    5.43 

33-1 

1. 18 

38.1 

1.27    1    43.8 

1.36 

50.3 

1.46      93-5 

1.99 

IS  45 

26.48 

750.2    5.32 

37.1 

1. 18 

42.6  1   1.26  t  49.1 

1.36 

56.3 

1.45     105.2 

1-99 

50 

29.42 

805.4  I  5.23 

41.2 

1. 18      47.7      1.27      55-0 

1.36 

63.2 

1.46     1 18. 1 

2.00 

55 

32.36 

860.4  1  5.16 

46.1 

1    1. 19      53.2      1.28      61.4 

,    »-37 

70.5 

1.47  ,131.9 

2.02 

44 


TABLE  23 
Properties  of  Equal  Leg  Angles 


i'/ 

Maximum 
Bending 
Moment 

@  16.000 
Lb.  per 
Sq.  In. 

f 

c 

< 

1 

1 

Distance 

from 

Center 

of  Gravity 

to  Back 

of  Angle 

X 

1- 

r 

1 

Least 
Radius  of 
Gyration 

1 

•1 

Moment 

Section 

Radius  of 

Axis  3-3 

Aris  i-i 

w* 

^ 

of  Inertia 

Modulus 

Gyration 

X 

Ii 

Si 

ri 

ri 

Ml 

Indies 

Inches 

Pounds 

Inches* 

Inches 

Inches* 

Inches* 

Inches 

Inches 

Foot- 
pounds 

8X8 

'i 

62.7 

18.44 

2.45 

106.56 

19.21 

2.40 

1.55 

25  600 

'J^ 

59.8 

17-59 

2.43 

102.31 

18.38 

2.41 

1.55 

24  500 

«i 

56.9 

16.73 

2.41 

97.97 

17-53 

2.42 

1-55 

23  4C|p 

lA 

54.0 

15.87 

2.39 

93-53 

16.67 

2.43 

1.56 

22   200 

I 

51.0 

15.00 

2.37 

88.98 

15.80 

2.44 

1.56 

21    100 

tt 

48.1 

14.12 

2.34 

84-33 

14.92 

2.44 

1.56 

19  90c 

( 

45.0 

13.23 

2.32 

79.58 

14.02 

2.45 

1-57 

18   700 

* 

42.0 

12.34 

2.30 

74-72 

13. II 

2.46 

1-57 

17   500 

J  , 

38.9 

"44 

2.28 

69.74 

12.19 

2.47 

1-57 

16   200 

i 

35-8 

10.53 

2.25 

64.64 

11.25 

2.48 

1.58 

15   000 

• 

32.7 

9.61 

2.23 

59-43 

10.30 

2.49 

1.58 

13    700 

f 

29.6 

8.68 

2.21 

5409 

9-34 

2.50 

1.58 

12   500 

26.4 

7-75 

2.19 

48.63 

8.37 

2.50 

1.58 

II    200 

6X6 

I 

37-4 

11.00 

1.86 

35-46 

8.57 

1.80 

1. 16 

II   400 

« 

35-3 

10.37 

1.84 

33.72 

8.11 

1.80 

1.16 

10  800 

i 

33.1 

9.73 

1.82 

31.92 

7.63 

1.81 

1.17 

10  200 

31.0 

9.09 

1.80 

30.06 

7-15 

1.82 

1.17 

9  550 

1 

28.7 

8.44 

1.78 

28.15 

6.66 

1.83 

1. 17 

8  900 

i 

26.5 

7-78 

1.75 

26.19 

6.17 

1.83 

1.17 

8  250 

24.2 

7.11 

1-73 

24.16 

5.66 

1.84 

1. 18 

7  550 

f 

21.9 

6.43 

1.71 

22.07 

5-14 

X.85 

1. 18 

6  850 

19.6 

5-75 

1.68 

19.91 

4.61 

1.86 

1. 18 

6  150 

A 

17.2 

5.06 

1.66 

17.68 

4.07 

1.87 

1. 19 

5  450 

1 

14.9 

4.36 

1.64 

15-39 

3.53 

1.88 

1. 19 

4  700 

sxs 

I 

30.6 

9.00 

1.61 

19.64 

5.80 

1.48 

.96 

7  730 

H 

28.9 

8.50 

1-59 

18.71 

5-49 

1.48 

.96 

7  320 

1    1 

27.2 

7.98 

1-57 

17-75 

5.17 

1.49 

.96 

6  890 

H 

25.4 

7.47 

1-55 

16.76 

4.85 

1.50 

-97 

6  470 

Ai 

23.6 

6.94 

1.52 

15.74 

4-53 

1.51 

-97 

6  040 

i 

21.8 

6.40 

1.50 

14.68 

4.20 

I.51 

.97 

5  600 

20.0 

5.86 

1.48 

13-58 

3.86 

1-52 

-97 

5  150 

f 

18.1 

5-31 

1.46 

12.44 

3-51 

1-53 

.98 

4  680 

16.2 

4-75 

1.43 

11.25 

3-15 

1-54 

-98 

4  200 

t 

14.3 

4.18 

1.41 

10.02 

2.79 

1.55 

.98 

3  720 

12.3 

3.61 

1.39 

8.74 

2.42 

1.56 

.99 

3  230 

4X4 

H 

19.9 

S.84 

1.29 

8.14 

3.01 

1. 18 

'77 

4  010 

18.5 

5-44 

1.27 

7.67 

2.81 

1.19 

'77 

3  750 

17.1 

5.03 

1.25 

I'll 

2.61 

1. 19 

'77 

3  480 

15-7 

4.61 

1.23 

6.66 

2.40 

1.20 

-77 

3  200 

f 

14.3 

4.18 

1. 21 

6.12 

2.19 

1.21 

-78 

2  920 

12.8 

3-75 

1. 18 

5.56 

1.97 

1.22 

.78 

2  630 

A 

11.3 

3-31 

1. 16 

4-97 

1-75 

1.23 

.78 

2  330 

1 

9.8 

2.86 

1. 14 

4.36 

1.52 

1.23 

.79 

2  030 

^ 

8.2 

2.40 

1. 12 

3-72 

1.29 

1.24 

-79 

I  720 

6.6 

1-94 

1.09 

3.04           1.05 

1.25 

.79 

I  400 

45 


TABLE  23.—ConUnued 
Properties  of  Equal  Leg  Angles 


1 

1 

Distance 

from 

Center 

1- 

r  •/* 

^1 

Least 
Radius  of 
Gyration 

Maximum 

Bending 

Moment 

@  16,000 

Lb.  per 

Sq.  In. 

"1 

"K 

> 

A 

"S 

1 

1 

1 

of  Gravity 
to  Back 
of  Angle 

s-'l 

ii 

1 

^ 

Moment 
of  Inertia 

Section 
Modulus 

Radius  of 
Gyration 

Axis  3~3 

Axis  i-i 

z 

Ii 

Si 

ri 

rs 

Ml 

iDche* 

Inches 

Pounds 

Inches* 

Inches 

Inches* 

Inrhf«> 

Inches 

Inches 

Foot- 
pounds 

2X2 

A 

5-3 

1.56 

.66 

.54 

.40 

•59 

•39 

530 

} 

4-7 

1.36 

.64 

.48 

.35 

.59 

•39 

470 

A 

3.92 

I.IS 

.61 

.42 

.30 

.60 

.39 

400 

} 

3.19 

.94 

•59 

•35 

•25 

.61 

•39 

330 

A 

2.44 

.71 

•57 

.28 

.19 

.62 

.40 

250 

i 

1.65 

.48 

•55 

.19 

.13 

.63 

.40 

170 

llXli 

t 

4.6 

1-34 

■59 

.35 

.30 

.51 

.33 

400 

3.99 
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.27 

•25 
.32 


5e 


Zl 


In. 


.48 
.46 

.44 
.42 

.39 
.37 

.46 

•44 
41 
.39 
.37 

.42 
•39 
•37 
.35 

•33 
•31 

•35 
•33 
.31 

•31 
•29 
.27 

.40 

.38 
•35 

•30 
.28 
.26 

.24 
.22 

.23 
•24 


xt 


In. 


.30 

.21 

•23 
.21 

.27 
.19 

.19 

.17 

.13 

•13 

.19 

•15 

86 

83 
81 

79 
77 
75 

71 

69 
66 

64 
62 

73 

71 
68 

66 

71 
69 

60 

58 
56 

62 
60 

58 

52 
50 
48 

49 

47 
44 

49 
47 

41 

37 

35 
33 

38 
35 

31 

31 


h^     ^ 


r V 


Moment  of 
Inertia 


Axis 
i-i 


Ii 


In.* 


.26 
.24 
.21 

•19 
.16 

.12 

.21 
.18 

•15 
.12 

.085 
.16 

•H 
.12 

.096 

.089 
.071* 

.085 
.069 
.049 

.062 
.050 

.037 

.097 
.081 
.065 

.041 
.033 
.024 

.022 
.017 

.016 

.015 

.013 
.0094 

.0074 
.0055 

.0022 

.0032 


.\xi8 
2-a 


In.« 


75 
.68 

.6 1 

.53 
•44 
•34 

•43 
•38 
•32 

•25 
•17 

.42 

•37 

•31 

24 

.30 

•23 

.20 
.16 
.11 

.19 

.15 
.11 

.16 

.13 
.10 

•093 
.075 

.053 

.071 
.051 

.039 

•033 

.027 
.020 

.025 
.019 

•0093 
.011 


Section 
Modulus 


Axis 
i-i 


Si 


In.» 


Axis 
2-2 


S« 


In.« 


.26 

•23 
.20 

•17 

•H 
.11 

.20 

•17 

•H 
.11 

•075 

.17 

•14 
.12 

.094 

•097 
.075 

.095 

•075 
.052 

.077 
.060 

.043 

.113 

•093 
.073 

•059 
.046 

.032 

.035 
.026 

.024 

.027 

.025 
.017 

.017 
.012 

.0054 

1 .0091 


•54 
.48 

.42 
.36 
.30 
•23 

•34 
.29 

.24 
.18 

.13 

•33 
.28 

.23 
.18 

•23 
.18 

.18 
.14 

•094 

.17 

.13 
.093 

.16 

.13 
.10 

.106 
.082 
.057 

.081 
.056 

.047 

.048 

.042 
.030 

.041 
.029 

.017 

.022 


Radius  (^ 
Gyration 


Axis 
I-I 


ri 


In. 


.40 
.41 

.41 
.42 

.42 

.43 

42 
•42 
•43 
•44 
•45 

.38 

•38 

.39 
.40 

.34 

.35 

.35 
.36 

.37 

•31 

•32 
•32 

.35 
.36 

•37 

.28 
.28 
.29 

.24 
•25 

•25 
.22 

.21 
.22 

.17 

.17 

•13 
•13 


Axis 
2-2 


rt 


In. 


.68 
.69 
.69 
.70 

•71 
.72 

.61 

.62 
.62 

.63 

.64 
.61 

M 
.63 
.63 

.63 

.64 
.54 

•55 
•56 

•54 

•55 
.56 

•45 
.46 

.46 

.42 
•43 
•44 

•43 
•44 

.40 
•32 

•30 
•31 

•31 
•3" 

.28 
.25 


Axis 
3-3 


rj 


In. 


32 
32 
32 
32 
32 

33 

32 
32 
32 
32 

33 

29 
29 
30 

31 

27 
27 

27 
27 
27 

24 
24 
24 

26 
26 
26 

21 
21 
22 

19 
20 

19 
16 

16 
16 

13 
13 

12 
II 


V 


.424 


•524 
.534 
.543 
•551 
•559 

•434 
•445 
•455 
.475 


Ml 


Ft.-Lb. 


720 
640 
560 
480 
400 
310 

450 
390 
320 
240 
170 

440 
370 
300 
240 

300 
240 

240 
190 
125 

230 
170 
125 

210 
170 
130 

140 
IIO 

75 

110 

75 

60 

64 

55 
40 

55 
40 

20 
30 


Ml 

Ft.-Lb. 

350 
300 
270 
230 
190 
150 

270 
230 
190 
150 
100 

230 
190 
160 

125 

130 
100 

125 
100 

70 

100 

80 

57 

150 
125 

97 

80 
60 
40 

45 

35 

30 

35 

30 
20 

20 
16 

7 
12 


62 


TABLE  26 
Weights  of  Angles 


Angles  with  Equal  Legs 

WnaHTB  IN  POUNDB  PBB  FoOT 
DZMKNmONB  IN  InCHBB 

Size 

8'X8' 
6  X6 

5  X5 
4  X4 
3JX3i 

3  X3 
2iX2} 

2JX2J 

2iX2i 

2   X2 

liXil 

liXii 

ilXii 

iXi 

t.t 
1.0 
0.8 

A 

«      B      «      • 

•  •      •      • 

•  •      ■      ■ 

•  •      *      • 

•  •      •      • 

•  •      •     • 

•  •      •      • 

3.1 

2.8 

2.4 

2.1 

1.8 

IS 
1.2 

i 

•  •  •  • 

•  B      •      • 

■  •      •      * 

•  *      •      ■ 

■  •      •     • 

4.9 

4.5 

41 
3.6 

3.2 

2.8 

3.3 
1.9 

IS 

A 

•  •  • 

•  •  •  • 

*  ■  •  • 

8.2 

7.2 
6.1 
5.6 

S-o 

4-5 
3.9 
3.4 
2.9 
2.3 

1 

•  •  •  • 

14.9 

12.3 

9.8 

8.S 
7.2 
6.6 

S-9 

5-3 

4.7 
4.0 

3.4 

A 

•  •  •  • 

17.2 

14.3 
11.3 

9.8 
8.3 
7.6 

6.8 
6.1 

5-3 
4.6 

i 

26.4 
19.6 
16.2 
12.8 

HI 

9-4 
8.5 

7-7 
6.8 

A 

29.6 
21.9 
18.1 

H-3 
12.4 

10.4 

1 

32.7 
24.2 

20.0 

15.7 
13.6 

IIS 

35.8 
26.5 
21.8 
17. 1 
14.8 

i 

38.9 
28.7 
23.6 
18.5 
16.0 

42.0 
31.0 

2S4 
19.9 

17. 1 

i 

45.0 
33.1 
27.2 

«!' 

/A 
54.0 

56.9 

Size 

48.1 

3S-3 
28.9 

51.0 

37.4 
30.6 

s'xtr 

6  X6 

s  xs 

4X4 

3iX3J 

3  X3 

aiXii 

*JX»i 

2IX2I 

2  X» 

lixil 

liXiJ 
liXi} 
I  XI 

.... 

p  •  *  • 

Angles  with  Unequal  Legs 

Size 

i 

A 

i 

A 

1 

«  •  *  ■ 

A 
15.0 

H-3 

13.S 
12.8 

12.0 

11.3 

10.6 

9.8 

91 

8.3 

7.6 
6.8 
6.1 

A 

i 

17.0 
16.2 

IS.3 

H'S 
13.6 

12.S 

1 1.9 

II. I 

10.2 

9-4 
8.5 

7.7 
6.8 

i 

A 

19. 1 
18.1 
17.1 
16.2 
15.2 

14.3 

13-3 
12.4 

11.4 

10.4 

9S 

1 

21.0 
20.0 
18.9 
17.8 
16.8 

iS-7 

147 
13.6 

12.5 

11.5 

H    i 

it 
26.8 
25.4 
24.0 
22.7 
21.3 
19.9 
18.5 

17.1 
15.8 

28.7 
27.2 

25-7 
24.2 

22.7 

H 

30.5 
28.9 
27.3 

32.3 
30.6 

28.9 

/A 

/i 

Sixe 

6  X4 
6  X3i 
5  X4 
S  X3J 
5  X3 
4  X34 
4  X3 
3JX3 
3iX2j 
3  X2j 
3  X2 

2jX* 

23.0 
21.8 
20.6 

19s 

18.3 

17.1 
16.0 
14.8 
13.6 
12.5 

24.9 
23.6 
22.4 
21. 1 
19.8 
18.5 

17.3 
16.0 

14.7 

T-Xsl' 
6  X4 
6X3J 
S  X4 
S  X3i 
S  Xj 
4  X3I 
4  X3 
3iX3 
3IX1I 
3  XJj 
3  X2 

2iX2 

12.3 
11.7 

II.O 

10.4 
9.8 

9.1 

8.5 

7-9 
7.2 
6.6 

S.9 
S.3 

i 

■    •    •    • 

8.7 

8.2 

7-7 
7.2 
6.6 
6.1 
5.6 

S-o 
4-S 

A 

4-9 

4-S 
4.1 

3.7 

I 

i 

2.8 
A 

A 

f 

« 

} 

« 

i 

« 

/ 

/A 

/* 

Size 

Size 

54 


TABLE  28 
Overrun  of  Pennsylvania  Steel  Co.  Angles 


Overrun  of  Angles  in  Inches 

Size  of 
Angle 

Thickness  in  Inches 

Maximum  Length  ol  Angles 

Inches 

i 

•     •    • 

I 

A 

i 

i 

A 

A 
1 

H 

i 

i 

5 
i 

H 
A 

1 

A 

A 
A 

A 

A 

i 

A 

i 

A 

i 

Feet 

8  X8 
6  X6 

4iX4i 

4  X4^ 

3iX3i 

3  X3 

2iX2i 
2lX2i 
2    X2 

liXii 

8  X6 
6  X4 
6  X3i 

5  X4 
5  X3i 
5X3 
4JX3 

4  X3i 
4  X3 
3iX3 
3iX2i 
3  X2i 
3   X2 

S6forii"toiosforr 

88  for  i"  to  105  for  A" 

70 

70 
70 
70 

35  for  i"  to^so  for  A" 
SO 
SO 

63  for  It"  to  105  for  1" 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

6S 

i 
i 

A 
A 

A 
i 

A 
A 

A 

i 
i 
i 
i 
i 
i 

i 

A 
A 
A 
i 
i 

1 

i 

i 

I 

i 
A 

J 
A 

A 
i 

A 

.  .  . 

A 
0 

i 
i 

i 

A 

1 

i 
A 

i 

•    •    ■ 

A 
1 

A 
A 

A 
i 
A 

i 

A 

I 

A 
A 
i 

i 

i 

i 
1 

t 
8 

1 
1 

i 
i 
A 

t 

H 
A 
A 
i 

i 
A 

A 

8 

A 

A 
i 
i 

i 

t 

i 
i 
A 

A 

i 
i 
i 

A 

A 
i 

I 

i 
i 
A 

t 

A 

1 
i 

A 
A 
I 

t 

A 
i 

A 
i 

•  ■    • 

J 

•  •    • 

A 

1 

A 

•     •    ■ 

.  .  .  1.  .  . 

A 
i 

f 

•     •    • 

A 

A 

10       « 

.  .  .  1.  .  . 

i 

, 

'    ' 

i 

66 


TABLE  29. 

Carnbgib  Angles. 

Net  Asbas  amd  Allowablb  Tensiom  Values  ih  Thocsands  of  Pounds. 

Maximum  Fiber  Streu,  16,000  Pounds  per  Square  Inch. 


SlK. 

COtFoM. 

Arb. 

lDCtH>. 

Net  Aiw  ud  StwuH     Two  Hole*  DeduAed.                    1 

TUck- 
InclH. 

llocfaRiveu. 

IlQchRlveU. 

1  I&ch  Rlveti. 

■X>. 

StRM. 

lis.. 

SUM. 

■fe 

Sin... 

8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 

45-0 

4i.o 
38.9 
3S-8 
3»-7 
25.6 

15.00 
14. 1 » 
13.13 
11.34 

11.44 

8.68 

13.00 
10.71 

8.36 

7SS 

aoS.o         13.15 
195.8          11.48 

183.7  ii-70 
171-S          10.9* 

T^    -III 

133.8  8.51 
.10.8           7-70 

ii 

113.1 

I 
I 
i 

S.67 
7.x 

■]!.7 
145.4 

TABLE  19. —Continued. 

Carnegie  Angles. 

Net  Areas  and  Allowable  Tension  Values  in  Thousands  of  Poxtnds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


size. 
Inches. 

Thick- 
ness, 
Inches. 

Weight 

per  Foot. 

Pounds. 

Area. 
Inches'. 

Net  Axeas  and  Stresses — One  Hole  Deducted.                      | 

i  Inch  RiveU. 

f  Inch  Riveto. 

f  Inch  Rivets.     | 

1 

Area, 

Stress. 

Area, 

Sti^. 

Axea.      ' 

Inches^. 

»^^**%»lWi#» 

Inches*. 

^^liA^«^^P« 

Inches^. 

6X6 
6X6 
6X6 
6X6 
6X6 

H 

33-1 
31.0 
28.7 
26.5 
24.2 

9.73 
9.09 

8.44 

7.78 

7.11 

8.85 
8.28 

I4I.6 

132.5 
123.0 

II3-4 
103.7 

8.96 
8.38 
7.78 
7.18 
6.56 

1434 
I34.I 
124.5 

114.9 
105.0 

' 1 

7.69 
7.09 
648 

6.64 

106.2 

6X6 

A 

21.9 

6.43 

S.87 

93.9 

5-94 

95.0 

6.01 

96.2 

6X6 

19.6 

5-75 

5.25 

84.0 

5.31 

85.0 

5-37 

85.9 

6X6 

A 

17.2 

5.06 

4.62 

73-9 

4.68 

74-9 

4.73 

757 

6X6 

14-9 

4.36 

3.98 

63.7 

4.03 

64.5 

4.08 

65.3 

6X4 
6X4 
6X4 
6X4 
6X4 

27.2 

25.4 
23.6 

21.8 

20-0 

7.98 

7.47 
6.94 
6.40 
5.86 

7.10 

666 

H3.6 
106.6 

7.21 
6.76 
6.28 

1154 
108.2 

6.19 

5.71 
5.23 

99.0 
914 
83.7 

100.5 
92.8 
85.0 

5.80 
S.3I 

539 

86.2 

6X4 

A 

18.1 

5.31 

475 

76.0 

4.82 

77.1 

4.89 

78.2 

6X4 

16.2 

4-75 

4.25 

68.0 

4.31 

69.0 

4.37 

69.9 

6X4 

A 

14.3 

4.18 

3  74 

59.8 

3.80 

60.8 

3.85 

61.6 

6X4 

12.3 

3.61 

3-23 

S17 

3.28 

52.5 

3.33 

53-3 

SX3J 

16.8 

4.92 

4.29 

68.6    . 

4-37 

69.9 

4-45 

71.2 

SX3i 

A 

15.2 

447 

3.91 

62.6 

3.98 

63.7 

4.05 

64.8 

SX3J 

136 

4.00 

3.50 

560 

3.56 

57.0 

3.62 

57.9 

SX3* 

A 

12.0 

3-53 

3.09 

49-4 

31S 

504 

3.20 

51.2 

SX3i 

104 

3.0s 

2.67 

42.7 

2.72 

43.S 

2.77 

44-3 

SX3i 

A 

8-7 

2.56 

2.25 

36.0 

2.29 

36.6 

233 

37.3 

S  X3 

IS7 

4.61 

3.98 

637 

4.06 

65.0 

4.14 

66.2 

5X3 

A 

14.3 

4.18 

3.62 

57.9 

3.69 

59.0 

3.76 

6a2 

5X3 

12.8 

3-75 

325 

52.0 

3.31 

53.0 

3.37 

53.9 

SX3 

A 

11.3 

3.31 

2.87 

45.9 

2.93 

46.9 

2.98 

477 

5X3 

9.8 

2.86 

2.48 

39-7 

2.53 

40.5 

2.58 

41.3 

5X3 

A 

8.2 

2.40 

2.09 

33.4 

2.13 

34,1 

2.17 

34.7 

4X4 

157 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

4X4 

A 

14.3 

4.18 

3.62 

57.9 

3.69 

59.0 

3.76 

60.2 

4X4 

12.8 

3-75 

3.25 

52.0 

3.31 

53 -o 

3.37 

53-9 

4X4 

A 

11.3 

3.31 

2.87 

45.9  • 

2.93 

46.9 

2.98 

477 

4X4 

9.8 

2.86 

2.48 

39-7 

2.53 

40.5 

2.58 

41.3 

4X4 

A 

8-2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34-7 

4X4 

6.6 

1,94 

1.69 

27.0 

1.72 

27.5 

1.75 

28.0 

4X3 

II. I 

3.2s 

2.75 

44.0 

2.81 

45.0 

2.87 

45-9 
40.6 

4X3 

A 

9.8 

2.87 

2.43 

38.9 

249 

39.8 

2.54 

4X3 

8.S 

2.48 

2.10 

33.6 

215 

34.4 

2.20 

35-2 

4X3 

A 

7.2 

2.09 

1.78 

28.5 

1.82 

29.1 

1.86 

29.8 

4X3 

5.8 

1.69 

1.44 

23,0 

1.47 

23.5 

1.50 

240 

58 


TABLE  29.— Continued. 

Carnegie  Angles. 

Net  Areas  and  Allowable  Tension  Values  in  Thousands  of  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


Sbe. 
Inches. 


3iX3i 
3iX3i 
3*X3i 
3*X3i 
3iX3J 
3iX3i 
3JX3i 

3*X3 
3iX3 
3iX3 
3*X3 
3JX3 

3*X2j 
3iX2| 
3iX2j 
3*X2j 
3iX2i 


3 
3 
3 
3 
3 


X3 
X3 
X3 
X3 
X3 


3  X2j 
3  X2I 
3    X2j 

2JX2J 
2JX2J 
2i  X2j 
2IX2J 

2JX2 
2iX2 
2JX2 
2IX2 


2 
2 
2 
2 

2 
2 
2 


X2 
X2 
X2 
X2 

XlJ 
X  l\ 

X  ij 


Thick' 

ncsSf 

Inches. 

t 

\ 

i 
A 

i 

\ 

i 
A 

i. 

i 

A 
I 
A 

\ 

\ 
A 
I 
A 

i 

I 
A 

\ 

f 
A 

i 
A 

i 
A 

\ 
A 

i 
A 

i 
A 

A 

i 

A 


Wdght 

per  Foot, 

Pounds. 


136 
12.4 
II. I 
9.8 
8.S 
7.2 
S-8 

10.2 

91 

7-9 
6.6 

5-4 

9-4 
8.J 

7-* 
6.1 

4-9 

9-4 
8.J 

7.2 

6.1 

4-9 

6.6 
S.6 

4-S 

S-9 
S-o 

41 

3.07 

S-3 

45 
3.62 

4-7 
3.92 

3.19 
*-44 

3-39 
*-77 
2.12 


Area, 
Inches*. 


3.98 
3.62 

32s 
2.87 

2.48 
2.09 
1.69 

3.00 
2.65 
2.30 
1.93 
1.56 

^'7S 
2.43 

2.11 

1.78 

1.44 

2.75 
2.43 

2.11 

1.78 

1.44 

1.92 
1.62 
1.31 

1.73 
1.47 
1. 19 
0.90 

1.31 
106 

0.81 

1.36 

LIS 
0.94 
0.71 

1. 00 

0.81 
0.62 


Net  Areas  and  Stresses — One  Hole  Deducted. 


i  Inch  Rivets. 


Area. 
Inches'. 


3-35 
306 

2.75 
2.43 

2.10 

1.78 

144 

2.50 
2.21 
1.92 
1.62 
I.3I 

2.25 

1-99 

173 
1.47 

1. 19 

2.25 
1.99 

1-73 
1.47 

1. 19 

I.S4 
1.31 
1.06 


53.6 
49.0 
44.0 
38.9 
33.6 
28.5 
23.0 

40.0 

35-4 
30.7 

25.9 

21  o 

36.0 
31.8 
27.7 

23.5 
19.0 

36.0 

31.8 

277 

23.5 
19.0 

24.6 
21.0 
17.0 


f  Inch  Rivets. 


Area, 
Inchest. 


3-43 
3.13 

2.81 

2.49 

2.IS 

1.82 

1.47 

2.56 
2.27 

1-97 
1.66 

1-34 

2.31 
2.05 
1.78 
1.51 
1.22 

2.31 
2.05 
1.78 
1.51 
1.22 

1-59 

I-3S 
1.09 

1.40 
1.20 
0.97 
0.74 

1.22 
1.04 
0.84 
0.6s 


S4-9 
50.1 

45.0 

39.8 

34-4 
29.1 

23-5 

41.0 
36.3 

315 
26.6 

21.4 

37.0 
32.8 
28.5 
24.2 

19s 

37.0 
32.8 
28.5 
24.2 

19s 

25.4 
21.6 
17.4 

22.4 
19.2 

11.8 

19s 
16.6 

134 
10.4 


f  Inch  RiveU. 


Area, 
Inches'. 


3-Si 
3.20 

2.87 

2-54 
2.20 

1.86 
1.50 

2.62 
2.32 
2.02 
1.70 

1-37 

2.37 
2.10 
1.83 

1-55 

1. 25 

i.37 
2.10 

1,83 

1. 25 

1.64 

1.39 
1. 12 

1.4s 
1.24 
1. 00 
0.76 

1.27 
1.08 
0.87 
0.67 

1.08 
0.92 
0.75 
0.57 

0.77 
0.62 
0.48 


56.2 
51.2 

45-9 
40.6 

3S.2 
29.8 
24.0 

41.9 

37-1 

32.3 
27.2 
21.9 

37.9 
33.6 

29.3 

24.8 

20.0 

37-9 
33.6 

29.3 

24.8 

20.0 

26.2 
22.2 
17.9 

23.2 
19.8 
16.0 
12.2 

20.3 
17.3 

13.9 
10.7 

17.3 
14.7 
12.0 

91 

12.3 

9-9 

7^7 
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TABLE  30 

Safe  Loads,  in  Tons,  for  Equal  Leg  Angles 

American  Bridge  Company  Standards 


1 

Lbngth  or  Span  in  Fbst                      *                            1 

t^A*<l>     W      4-»fl«Wt«^ 

I 

2 

3 

4 

S 

6 

7 

8 

9 

10 

9349 
4.464 

II       12 

3 

u 

5 

8"X8" 

li" 

93.493 
44.640 

46.747 
22.320 

31.164 
14.880 

23.373 
II. 160 

18.699 
8.928 

15.582 
7.440 

13.356 
6.377 

11.687 
5.580 

10.388 
4.960 

8.4997.791 
4.058  3.720 

6"X6" 

I 
i 

45707 
18.827 

22.854 
9.413 

15.236 
6.276 

11.427 
4.707 

9.141 
3.765 

7.618 
3.138 

6.529 
2.689 

5713 
2.353 

5.078 
2.092 

3.437 
1.434 

4.571  4.155  3.809 
1.883  1. 71 2  1.569 

5''XS'' 

I 

i 

30.933 
12.907 

15.467 
6.453 

10.311 
4.302 

7.733 
3.227 

6.187 
2.581 

5.156 
2. 151 

4.419 
1.844 

3.867 
I.613 

3.093  2.812  2.578 
1.291  1. 173  1.075 

4"X4" 

i 

16.053 
5.600 

8.027 
2.800 

5.351 
1.867 

4.013 
1.400 

3.211 
1. 120 

2.676 

•933 

2.293 

.800 

2.007 
.700 

1.784 
.622 

1.605  1.459  1.338 
.560   .510   .467 

1.200  1.091  i.ooo 

,272  .247  .227 

.693  .630;  .578 
.160  .I451  .133 

3i"X3i" 

g 

12.000 
2.720 

6.000 
1.360 

4.000 
.907 

3.000 
.680 

2.400 
.544 

2.000 
.453 

I.714 

.388 

1.500 
.340 

.867 
.200 

1.333 
.302 

3"X3" 

! 

6.933 
1.600 

3.467 
.800 

2.3 1 1 

.533 

1.733 
.400 

1.387 
.320 

1. 156 
.267 

.990 

.229 

.770 
.178 

2rx2r 

J 
i 

4747 
1.333 

2.373 
.667 

1.582 
•444 

1. 187 
•333 

.949 
.267 

.791 
.222 

.679 
.190 

.593 
.167 

.527 
.148 

475    431    .396 
.133    .121    .III 

2i"X2i" 

i 

3.893 
1.067 

1.947    1.298 
.533      .356 

.973 
.267 

.779 
.213 

•649 

.178 

.556 

.152 

.487 

.133 

.387 
.107 

.433 
.118 

.389 
.107 

.354,  .324 
.097    .089 

.281    .258 
.078    .071 

.194   .178 
.063    .058 

.1451  .133 
.048    .044 

.092    .084 
.035'  .032 
.053    .049 
.024    .022 

.028 1  .025 
.019    .018 

2i"x2r 

1 

3.093 
.853 

1.546 
.427 

1.03 1 

.284 

.773 
.213 

.619 
.171 

.515 
.142 

.442 
.122 

.344 
.095 

1  .309 
1  .085 

.213 
.069 

.160 
.053 
.101 

.038 

s 

^ 

2"X2" 

t 

2.133 
.693 

1.067,     .711 
.347     .231 

.533 
.173 
.400 

.133 

.427 
•139 

.356 
.116 

.305 
.099 

.267 
.087 

.237 
.077 

1 

irxir 

t 

1.600 

.533 

.800     .533 
.267      .178 

.320 
.107 

.267 
.089 

.229 
.076 

.200 
.067 

.178 
.059 

irxij" 

i 

1.013 
.384 

.587 
.261 

.507 
.192 

.338 
.128 

.253 
.096 

.147 
.065 

.203 
.077 

.169 
.064 

.145 

.055 

.127 
.048 

.113 
.043 

ij"xir 

ft 
i 

t 

.293 
.131 

.152 
.107 

.196 
.087 

.117 

.052 

.061 
.043 

.098 
.044 

.084 
.037 

.073 
.033 
.038 
.027 

.065 
.029 

.059 
.026 

irxii" 

.304 
.213 

.101 
.071 

.076 
.053 

.051 
.036 

.043 
.030 

.034 
.024 

.030 
.021 

.029 
.015 

i"Xi" 

I 
.109 

.299 
.149 

.149 

.075 

.099 
.050 

.075 
.037 

.060 
.030 

.050 
.025 

.043 
.021 

.037 
.019 

.033 
.017 

.027 
.013 

.016 
.009 

.012 
.006 

.005 
.004 

.025 
.012 

.015 

.008 

.011 

.006 

.005 
.004 

rx{" 

ft 
A 

.176 
.096 

.088 
.048 

.059 
.032 

.043 
.023 

.044 
.024 

•035 
.019 

.029 
.016 

.025 
.014 

.022       .020j    .018 

.012!     .Oil,  .010 

rxr 

1 

ft 
ft 

.128 
.069 

.064 
.035 

.032 
.017 

.026 
.014 

.021 
.012 

.018 
.010 

.016 
.009 

.014 
.008 

.013 
.007 

.006 
.005 

.004 
.003 

i"X  i" 

i 

ft 

i 
A 

.060 
.047 

.030^     .020 
.023      .016 

.015 
.012 

.012 
.009 

.010     .009 
.008      .007 

.007 
.006 

.007 
.005 

i"xj" 

.037 
.029 

.019 
.015 

.012 
.010 

.009 
.007 

.007 
.006 

.006 
.005 

.005 
.004 

.005 
.004 

.004 
.003 

.003'  .003 
.003    .002 

Safe  Load  in  tons  of  2000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16.000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
intermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  31.—Continued 


Safe  Loads,  in  Tons,  for  Unbqual  Leg  Angles 
American  Bridge  Company  Standards 


Size  or  Angle 

Leg 

Length  op  Span  in  Feet 

I 

a 

3 

4 

5 

6 

2.595 
2.044 

1.120 
.889 

2.551 

1-493 
.889 
.533 

1.938 
.675 

1.235 

•435 
1.209 

.338 

.835 
.240 

1.955 

1.578 

.693 

.515 

1.644 

.880 

.666 
.364 

.933 

.338 

.640 
.231 

1.155 
.471 
.560 
.231 
.418 
.115 

1.040 
.924 

7 

2.225 
1.752 

.960 
.768 

2.187 
1.280 

.762 

.457 
1.661 

.599 
1.059 

.373 
1.036 

.289 

.716 
.206 

1.676 
1.257 

•594 
.442 

1.409 

.754 

.571 
.312 

.800 
.289 

.548 
.198 

.990 
•404 

8 

9 

10 

XX 

X2 

d 
■i 

D 

4"X3J" 

H" 

3^ 

15.573 
12.267 

7.787 
6.133 

3.360 
2.667 

5.I9I 
4.089 

2.240 
1.778 

5.102 
2.987 

3.893 
3.067 

3.II5 
2.453 

1.947 

1.533 
.840 
.667 

1.730 
I.J63 

.747 
.592 

1.558  1.416 
1.227  I.I  15 

1.298 
1.022 

A 

3*J 

6.720 
5.333 

1.680 
1.333 

L344 
1.067 

3.061 
1.792 

.672 

.533 

1.531 

.896 

•533 
.320 

1.163 
.405 

.741 
.261 

.725 
.203 

.501 
.144 

1.173 
.880 

416 

.309 

.987 
.528 

.400 
.219 

.560 
.203 

•384 
.149 

.693 
.283 

.336 
.148 

.251 
.069 

.619 
.485 

1.391 

.814 

.485 

.297 

1.057 
.368 

.674 
.237 
.659 
.184 

456 
.131 

1.067 

.378 
.281 

.897 
.480 

.364 

•199 

.509 
.184 

.349 
.126 

.630 
.257 

.305 
.126 

.228 
.063 

.560 

444 

4"X3" 

H 

4 
3 

15.307 
8.960 

7.653 
4.480 

3.827 
2.240 

1.913 
1.120 

.667 
.400 

1.453 

.507 

•927 
.327 

•907 
.253 
.627 
.180 

1.467 
1.100 

.520 

.387 

1.233 

.660 

.500 
.273 
.700 
.253 
.480 

.173 
.867 
.353 

1.701 
.995 

•593 

.355 

1.291 

.451 

.824 
.290 

.806 
.225 

.160 
1.304 
.978 
.462 
.344 
1.096 
.587 

•444 

.243 

.622 
.225 

•427 
.154 

•770 
.314 

1.275 
.747 

i 

4 
3 

5.333 
3.200 

2.667 
1.600 

1.778 
1.067 

1.333 
.800 

2.907 
I.013 

1.853 
.653 

I.813 
.507 

1.253 
.360 

1.067 
.640 

•444 
.267 

.969 
.338 
.618 
.218 

.604 
.169 

418 
.120 

.978 
.733 

.344 
.258 

.822 
.440 

•333 
.182 

467 
.169 

.320 
.115 

.578 
•235 
.280 
.115 

.209 
•057 
.520 
.462 

.520 
422 

.511 
.364 

.191 

.138 

4"X*i" 

1 

4 

2i 

11.627 

4.053 

7.413 
2.613 

5.813 
2.026 

3.875 

I.35I 

2.471 

.871 

2.325 
.811 

i 

2^ 

3.707 
1.307 

1.483 
.523 

4"X2" 

i 

4 

2 

7.253 
2.027 

3.627 
1. 01 3 

2.418 
.675 

1.451 

.405 

i 

4 

2 

5.013 
1.440 

2.507 
.720 

1. 67 1 
.480 

3.91I 

2.933 

1.003 
.288 

3J"X3" 

H 

3i 

3 

".733 
8.800 

5.867 
4.400 

2.933 
2.200 

1.040 
.773 

2.347 
1.760 

I 

3J 

3 

4.160 

3.093 

9.867 
5.280 

2.080 
1-547 

1.387 
1.03 1 

3.289 
1.760 

1.333 
.729 

1.867 
.675 

.832 
.619 

1.973 
1.056 

3i"X2}" 

H 

2j 

4.933 
2.640 

2.467 
1.320 

i 

2i 

4.000 
2.187 

2.000 
1.093 

1. 000 

.547 

1.400 

.507 

.800 
•437 

3J"X2" 

1 

3J 

2 

C.600I2.800 
2.027  J  01 3 

1. 120 

.405 

.768 

.277 

1.386 

.^65 

i 

3i 

2 

3.840 
1.387 

1.920,1.280 
.693  1  .462 

.960 
•347 

3i"X2" 

A 

3i 

I 

6.933 

2.827 

3.466 
1.413 

2.3 1 1 

.942 

1.733 
-707 

i 

3i 

2 

3.360 
1.387 

1.680 
.693 

1. 120 

.462 

•83  s 
.231 

.840 
.346 

.627 

-173 

.672 
.277 

.480 
.198 

•358 
.099 

.891 

.792 

.891 

.724 
.876 
.625 

.328 
.236 

.420'   .373 
.1731  .154 
.313    .278 
.087    .077 

.780   .693 
.693    .616 

.780;  .693 
.633    .563 
.767'  .681 
.547I  .486 

3i"Xli" 

A 

it 

2.507 
.693 

1.253 

-347 

.501 

.139 

1.248 

1. 109 

3"X2H" 

A 

<2 

2H 

6.240I 
5-547 
6.240: 
5.067 

3.120  2.080 
2.773   1.849 

1.560 

1.387 

1.560 

1.267 

1.533 
1.093 

.624   .567 
.555_i504 
.624   .567 
.507,  .461 

3"X2H" 

A 

2|i 

3.120 

2.533 
3.067 
2.187 

2.080 
1.689 

1.248  1.040 
1. 01 3     .844 

3"X2§" 

A 

/i 

6.133 

4.373 

2.044 

1.458 

.764 
•551 

1.227 
.875 

1.022 
.729 
.382 
.275 

.613 
.437 

•557 
.397 

A 

2\ 

2.293 
1.653 

1. 147 
.827 

•573 
.413 

.459 
•331 

.287 
.207 

.255 
.184 

.229'  .208 
.165    .150 

Safe  Load  in  tons  of  2000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16.000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
intermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  3L—CarUinued 

Safe  Loads,  in  Tons,  for  Unequal  Leg  Angles 
American  Bridge  Company  Standards 


SizB  OF  Angles 

Vertical 
Leg 

Length  of  Span  in  Fbkt 

z 

a 

3 

4 

5 

6 

7 

.762 

•35« 
.312 
.152 

.533 
•350 

.221 
.152 

.350 
.183 

.221 
.114 

•335 
.129 

,213 
.084 

•175 

.oqo 

.411 
.198 

•175 
.084 

•259 
•152 

.099 
•057 
.251 
.129 

•137 
.072 

.175 
.074 

•137 
.057 

8 

.667 
.313 

.273 
•133 
.467 
.307 

.193 
.133 
.307 
.160 

•193 
.100 

.293 
.113 

.187 
.073 

.153 
.044 

.360 
.173 

9 

.592 
.278 

.243 
.118 

•415 

.272 

.172 
.118 

.272 
.142 

.172 
.089 

.261 
.101 

.166 
.065 

.136 
•039 
.320 

•154 
.136 
.065 

.201 
.118 

•077 
•044 

•195 
.101 

.107 

.056 

.136 
•057 
.107 
.044 

10 

•533 
.251 

.219 
.107 

•373 
•245 

.155 

.107 

.245 
.128 

•155 
.080 

•235 
.091 

.149 

.059 
.123 

•035 
.288 

.139 
.123 
.059 
.181 
.107 

.069 
.040 

.176 
.091 

.096 
.050 

.123 
.052 

.096 
.040 

xz 

.485 
.228 

.199 
.097 

•339 
.223 

.141 
.097 

.223 
.116 

.141 

.073 

.213 
.082 

.136 

.053 

.III 

.032 

.262 
.126 

.111 

•053 
.165 
.097 

.063 
.036 

.160 
,082 

.087 
.045 

.III 

.047 

.087 
.036 

12 

•444 
.209 

.182 
.089 

.311 
.204 

.129 
.089 

.204 
.107 

.129 
.067 

•195 
•075 
.124 
•049 
.102 
.029 

.240 
.115 

.102 
.049 

.151 
.089 

.058 

•033 

•147 
•075 
.080 
.042 

.102 
.043 

.080 

•033 

3"X2" 

i" 

3 

2 

5.333 
2.507 

2.667 
1.253 

1.778   1 
.835 

[.333   1 
.627 

[.067 
.501 

.889 
.418 

A 

3 

2 

2.187 
1.067 

1.093 

.513 

.729 

•355 

•547 
.267 

.437 
.213 

.365 
.178 

2i"X2" 

i 

2j 

2 

3.733 
2.453 

1.867 
1.227 

1.244 
.818 

•933 
.613 

.747 
.491 

.622 
.409 

A 

2j 

2 

1.547 
1.067 

.773 
.533 

.515 

•355 

.387 
.267 

.309 
.213 

•258 
.178 

2i"Xir 

A 

2I 
l| 

2-453 
1.280 

1.223 
.640 

.818 
.427 

.613 
.320 

.491 
.256 

.409 
.213 

A 

2j 
li 

1.547 
.800 

.773 
.400 

.267 

.387 
.200 

.309 
.160 

.258 
•133 

a 

2i"Xli" 

A 

2i 

2.347 
.907 

1.173 
.4S3 

.782 
.302 

.587 
.227 

.469 
.181 

.391 
.151 

4 

1 
5 

A 

2j 

1493 
.587 

.747 
.293 

.497 
.105 

.409 
.117 

•373 
.147 

.299 
.117 

.249 
.098 

2j"xii"     A 

2j 
1} 

1.227 

•3';2 

.613 
.176 

.307 
.088 

•245 
.070 

.204 
.059 
.480 
.231 

2i"xii" 

i 

2i 

2.880 

i^387 

1.440 
•693 

.960 
.462 

.720 

•347 

.576 
.277 

A 

;l 

1.227 
.587 

.613 
.293 
.907 
•533 

.409 
.195 

.307 
.147 

.245 
.117 

.363 
.213 

.204 
.098 

•153 
.078 

.227 
.133 
.087 
.050 

.220 
.113 

.120 
.063 

.065 

.120 
.050 

i"X  il" 

i 

2 
li 

1.813 
1.067 

.604 

.355 

•4^3 
.267 

.302 
.178 

i 

2 

li 

.693 
.400 

.347 
.200 

.880 

.453 

.231 

•133 
.587 
.302 

.173 
.100 

.139 
.080 

•352 
.181 

.115 

.067 

*"xii" 

i 

2 
If 

1.760 
.907 

•440 
.227 

.29J 
.151 

A 

2 

.960 
.501 

.480 
.251 

.320 
.167 

.240 
.125 

.192 
.100 

.160 

.083 

2"Xli" 

i 

2 
li 

1.227 
•517 

.613 
.259 

.409 
.172 

.307 
.129 

.245 
.103 

.204 
.086 

A 

2 
li 

.960 
.400 

.480 
.200 

.320 
.133 

.240 
.100 

.192 
.080 

.160 
.067 

Safe  Load  in  Tons  of  2,000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16,000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles 
1     of  intermediate  thickness  can  be  assumed  as  proportional  to  their  area  or  weight. 
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TABLE  3i.— 'Continued 

Safe  Loads,  in  Tons,  for  Unequal  Leg  Angles 

American  Bridge  Company  Standards 


C«»M    rvm     A %9tf*«  ^ 

Vertical 
Leg 

LsNGTH  OF  Span  in  Fbst 

X 

.960 

.507 

SOI 
.277 

.907 
.411 

2 

.480 
.253 
.251 
.139 

•453 
.205 

.248 
.115 

.426 
.301 
.267 
.195 
.283 
•157 

3 

.320 
.169 

4 

.240 
.127 

.125 
.069 

.227 
.103 

5 

.192 
.101 

6 

.160 

.084 

.083 
.046 

.151 
.068 

7 

.137 
.072 

8 

9 

xo 

.096 
.051 

XI 

.087 
.046 

13 

1 

i 

1 

ifxir 

i" 

li 

.120 
.063 

.107 
.056 

.080 
.042 

i 

1! 

.167 
.092 

.302 
.137 
.165 
.076 

.284 
.201 

.100 
•055 
.181 
.082 

•099 
.046 

.072 
.040 

.063 
•035 

.056 
.031 

.050 
.028 

.045 

.025 

.042 
.023 

irxii" 

i 

11 

.129 
.059 

.113 

•051 

.101 
.046 

.091 

.041 

.050 
.023 

.085 
.060 

.053 
•039 

.056 
.031 

.030 

.017 
.043 

.019 
.030 

.014 
.025 

.013 
.026 

.014 

.022 

.013 

.082 

.037 

.075 
.034 

i 

li 
If 

.496 
.229 

.853 
.603 

.533 
.389 

•565 
•315 
.304 
.171 

.432 

.187 

.124 
.057 

.213 
.151 

.083 
.038 

.071 
.033 

.122 

.086 

.062 
.029 

•055 
.025 

•045 

.021 

•077 
•055 
.048 
.035 

.041 
.019 

•071 
.050 

.044 
.032 

ij"xir 

A 

\l 

.171 
.120 

.142 
.100 

.107 
•07s 

.067 

.059 
.043 

.063 

•035 

A 

.178 
.129 

•133 
•097 
.141 
.079 

.076 

•043 
.108 
.047 

.075 
.035 
.063 

.032 

.064 
.036 

.056 

033 

.040 

.023 

•OSS 
.023 

.039 
.016 

.023 
.007 

.029 
.012 

.107 
.078 

.089 
.065 

.094 

.052 

.076 
.056 

.067 
.049 

irxi" 

i 

li 

I 

.188 
.105 

.101 

.057 
.144 
.062 

•099 

.046 

.083 
.043 

.063 
.061 
.034 
.086 
.037 

.060 
.028 

.081 

•045 
.044 
.024 

.062 
.027 

.071 
.039 

.051 
.029 

•047 
.026 

4 

I 

.152 

.085 

.216 
.093 

.149 
.069 

.051 
.028 

.072 
.031 

.050 
.023 

.038 
.021 

.034 
.019 

.048 
.021 

.033 
.015 

.028 
.014 

.028 
.016 

.025 
.015 

.018 
.010 

.024 
.010 

.017 
.007 

.010 
.003 

013 

.005 

.028 
.015 

.039 
.017 

.025 
.014 

ir'xi" 

A 

.054 
.023 

.036 
.015 

i 

li 

i 

•299 
.139 
.251 

.128 

.256 
.144 

.043 
.020 

.036 
.018 

.036 
.020 

.032 
.019 

.023 
.013 

.031 
.013 

.022 
.009 

.037 
.017 

.031 
.016 

.027 
.013 

.023 
.012 

.023 
.013 

.020 
.012 

.014 
.008 

.020 
.008 

.025 
.Oil 

.021 
.oil 

ii"xr 

i 

li 
i 

.125 

.064 

.128 
.072 

.112 

.067 

.050 
.026 

.051 
.029 

.042 

.021 

.043 
.024 

.037 
.022 

iA"xH" 

A 

lA 

.085 
.048 

.032 
.018 

.028 
.017 

.021 
.012 

l"X}" 

A 

.224 
.133 

.160 
.091 

.^9 
.091 

.064 

.091 
.029 

.117 
.048 

•07s 
.044 

.045 
.027 

.032 
.018 

.019 
.oil 

t 

I 
i 

.080 
.045 
.109 
.045 
.077 
.032 

.053 
.030 

.073 
.030 

.027 
.015 

.036 
.015 

.026 
.Oil 

.015 

.005 

.019 

.008 

.020 
.Oil 

.016 
.009 

.022 

.009 

.015 
.006 

.009 

.003 

.013 

.007 

i"Xi" 

A 

I 
1 

.044 
.018 

.031 
.013 

.018 
.006 

.023 
.010 

.027 
.Oil 

.018 

.007 

i 

I 
i 

.051 
.021 

.030 
.010 

•039 
.016 

.019 
.008 

.014 
006 

.013 

.005 

i"Xj" 

.09s 

i 

.04s 
.014 

.059 
.024 

.013 
.004 

.oil 
.004 

.008 
.003 

.007 
.002 

H"xj" 

A 

? 

.017 
.007 

.006 

.012 
.005 

.Oil 

.004 

.010 

.004 

Safe  Load  in  tons  of  2,000  pounds  uniformly  distributed,  for  maximum  fiber  stress  of  16,000 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
intermediate  thickness  can  be  assumed  as  approximately  proportional  to  their  area  or  weight. 
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TABLE  32. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


T 

1 

1 

A 

TT 

Moments  of  Inertia 

^^ 

1 
1 

9 

For  Distances 

of  Four 

Ansrles. 

X 

1 

Measured 

Axis  X-X. 

from 

Eqiud  Legs. 

1 
1 

Back  to  Back. 

AU 

1 
• 
1 

i 

a 

r  X  aJ 

(" 

3"X3" 

Thick. 

A" 

i" 

A" 

i" 

A" 

\" 

Thick. 

\" 

A" 

f" 

A" 

\" 

A" 

r 

Are*4i» 

3.60 

4.76 

5.88 

6.9a 

8.00 

9.00 

Area  4  [s 

S.76 

7" 

8^ 

9.73 

zxxx> 

xa.24 

13-44 

d" 

Momt 

ents  of  ] 

[nertia  i 

Ibout  Axis  x-y 

\,  InA 

d" 

Moments  of  Inertia  About  Axis  X-X,  In.^ 

■ 

^t 

17 

22 

27 

31 

35 

39 

6i 

38 

46 

54 

61 

68 

75 

80 

Si 

19 

25 

30 

35 

39 

43 

6i 

^l 

50 

58 

67 

75 

83 

88 

6 

21 

28 

33 

39 

44 

48 

7 

46 

55 

65 

73 

82 

89 

96 

^J 

H 

30 

37 

43 

48 

53 

7l 

50 

60 

70 

80 

89 

97 

104 

6 

26 

33 

40 

47 

53 

1^ 

7i 

54 

65 

76 

86 

96 

106 

114 

61 

28 

36 

44 

51 

58 

64 

7i 

58 

70 

82 

93 

104 

114 

123 

7 

31 

40 

48 

56 

64 

70 

8 

62 

7(^ 

89 

lOI 

113 

124 

133 

7i 

33 

43 

52 

61 

69 

76 

8i 

67 

81 

95 

108 

121 

133 

H3 

7 

36 

46 

57 

66 

75 

83 

8i 

72 

87 

102 

116 

130 

H3 

154 

7i 

39 

50 

61 

71 

81 

89 

8i 

77 

94 

no 

125 

139 

153 

165 

8 

42 

54 

66 

77 

87 

96 

9, 

82 

100 

117 

133 

149 

164 

177 

^ 

45 

58 

71 

82 

94 

104 

9i 

87 

106 

125 

142 

159 

^75 

189 

8 

48 

62 

76 

88 

lOI 

III 

9t 

93 

113 

134 

'5^ 

169 

186 

201 

si 

51 

66 

81 

94 

108 

119 

9i 

99 

120 

141 

161 

180 

198 

214 

9 

54 

71 

87 

lOI 

"5 

127 

10 

105 

127 

150 

171 

191 

211 

228 

9J 

58 

75 

92 

107 

123 

136 

loi 

III 

135 

158 

181 

202 

223 

241 

9 

62 

80 

98 

114 

131 

H5 

\o\ 

117 

H3 

167 

191 

214 

236 

256 

91 

65 

85 

104 

121 

139 

154 

10} 

123 

151 

177 

202 

226 

249 

270 

lO 

69 

90 

no 

128 

H7 

163 

II 

130 

159 

186 

213 

239 

263 

285 

lo} 

73 

95 

116 

136 

155 

172 

iii 

137 

167 

196 

224 

251 

277 

300 

io| 

77 

100 

123 

H3 

164 

182 

iii 

144 

176 

206 

237 

264 

292 

316 

io| 

81 

106 

130 

151 

173 

192 

iii 

151 

184 

217 

2^8 

2/8 

307 

333 

II 

85 

112 

137 

159 

183 

203 

12 

158 

193 

227 

260 

292 

322 

349 

"J 

90 

117 

144 

168 

192 

214 

I2i 

166 

203 

238 

272 

306 

338 

366 

lll 

III 

94 

123 

151 

176 

202 

225 

12 

174 

212 

250 

285 

320 

354 

384 

99 

129 

158 

185 

212 

236 

12; 

181 

222 

261 

298 

335 

370 

402 

12 

104 

135 

166 

194 

222 

247 

^3, 

189 

232 

273 

312 

350 

387 

420 

I2j 

109 

142 

174 

203 

233 

259 

i3i 

198 

242 

285 

325 

366 

404 

439 

I2| 

113 

148 

182 

216 

244 

271 

I3J 

206 

252 

297 

339 

382 

422 

458 

i2i 

119 

155 

190 

222 

255 

283 

I3i 

215 

263 

309 

354 

398 

439 

478 

13 

124 

162 

198 

232 

266 

296 

H 

224 

274 

322 

368 

4H 

458 

498 

i3i 

129 

169 

207 

242 

278 

309 

H 

233 

285 

335 

383 

431 

476 

518 

13} 

134 

176 

216 

252 

290 

322 

H 

242 

296 

348 

399 

448 

496 

539 

I3i 

140 

183 

225 

263 

302 

336 

Hi 

251 

307 

362 

414 

466 

515 

560 

14 

146 

191 

234 

273 

3H 

350 

15, 

261 

319 

376 

430 

484 

535 

582 

Hi 

151 

198 

243 

284 

327 

364 

I5i 

270 

331 

390 

446 

502 

55$ 

604 

Hi 

Hi 

157 

206 

253 

29s 

339 

378 

15 

280 

343 

404 

463 

521 

576 

626 

163 

214 

262 

307 

352 

393 

i5i 

290 

355 

419 

480 

539 

597 

649 

15, 

169 

222 

272 

318 

366 

408 

16 

300 

368 

434 

496 

559 

618 

^2} 

isi 

175 

230 

282 

330 

379 

423 

i6i 

311 

381 

•& 

5H 

578 

6^ 

697 

isi 

182 

238 

292 

342 

393 

438 

16 

321 

394 

532 

598 

662 

721 

iSi 

188 

246 

303 

354 

407 

454 

16 

332 

407 

480 

550 

619 

685 

745 

M 

oment 

of  Inc 

:rtia  oi 

■  Net  Area  - 

Tabular  Valu* 

eXNc 

;t  Area 

-!-  Gro 

ss  Ares 

I  (appn 

ox.). 
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TABLE  32.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


1 

-IT 

X 

> 

1 
1 

Moments  of  Inertia 

1 

• 

For  Distances 

of  Four  Aneles, 
Axis  X-X, 

X 

X    I 

Measured 

d 

from 

Equal  Legs. 

$ 

1 
1 

Back 

to  Back. 

» 

JIL 

• 
• 

i 

r 

3«"X  3«" 

Thick. 

A" 
8.36 

9.9a 

A" 

i" 

A" 
14.48 

f" 

U" 

Thick. 

f 

A" 

i" 

A" 

1" 

H"  1  *" 

Area  4  [s 

zi^S  X3.00 

»5-9a 

1x7.36 

Area  4  [s  9.9a 

1Z.48 

T3.00 

X4-48 

15^ 

17.36  j  i8.;6 

d" 

Moments  of  Inertia  ab 

out  As 

us  X-X 

.  In.4. 

d" 

Moments  of  Inertia  about  Axis  X-X,  In.*. 

7\ 

73 

86 

97 

109 

119 

129 

139 

20} 

836 

961 

1083 

1201 

I314 

1426 

1531 

7i 

79  93 

105 

118 

129 

140 

150 

20i 

858 

987 

1112 

1234 

1350 

1466 

1573 

8 

86,  100 

114 

127 

139 

151 

163 

iii 

1026 

1181 

1332 

H77 

1617 

1756 

1886 

8i 

92  '  108 

122 

137 

150 

163 

175 

22i 

1052 

1210 

1364 

1514 

1657 

1800 

1934 

8J 

99  116  131 

H7 

161 

175 

189 

24i 

1237 

1424 

1606 

1782 

1952 

212 1  1  2279 

8i 

106 

124 

141 

157 

173 

188 

203 

24i 

1265 

1456 

1642 

1823 

1997 

2169  1  2331 

9 

113 

132 

150 

168 

185 

201 

217 

26} 

1467  1690 

1907 

2117 

2319 

2521  '  2710 

9i 

120  141 

161 

180 

198 

215 

232 

26i 

1498 

1725 

1946 

2161 

2367 

2573 

2766 

9i 

128 

150 

171 

192 

211 

229 

247 

28} 

I718 

1979 

2234 

2480 

2718 

295s 

3178 

9i 

136  i6c 

182 

204 

224 

244 

263 

iSi 

1750 

2016 

2276 

2528 

2770 

3OII 

3239 

lO 

144  169 

193 

216 

238 

259 

280 

30} 

1988 

2291 

2586 

2872 

3H9 

3424 

3684 

lO} 

153 

179 

205 

229 

253 

275 

297 

30J 

2023 

2331 

2632 

2923 

3205 

3485 

3750 

lO^ 

162 

190 

217 

243 

267 

291 

315 

32} 

2278 

2625 

2965 

3294 

3611 

3927 

4227 

loi 

171 

200 

229 

257 

283 

308 

333 

32i 

2315 

2669 

3014 

3348 

3671 

3993 

4297 

II 

180 

211 

241 

271 

299 

325 

352 

34i 

2588 

2983 

3370 

3744 

4106 

4466 

4807 

"i 

189 

223 

254 

285 

315 

343 

371 

34i 

2628 

3030 

3422 

3802 

4170 

4535 

4883 

Hi 

199 

234 

268 

301 

332 

362 

391 

36} 

2917 

3364 

3800 

4223 

4632 

5039 

5426 

"i 

209 

246 

281 

316 

349 

380 

411 

36J 

2960 

3413 

3856 

4285 

4700 

5113 

550s 

12 

220 

258 

295 

332 

366 

400 

432 

38} 

3267 

3768 

4257 

4731 

5190 

5646 

6081 

12} 

230 

271 

310 

348 

385 

419 

453 

38i 

3312 

3820 

4316 

4797 

5262 

5725 

6166 

12} 

241 

284 

32s 

365 

403 

440 

475 

4oi 

3636 

4194 

4740 

5268 

5780 

6289 

6774 

I2i 

252 

297 

340 

382 

422 

460 

498 

40I 

3684 

4249 

4802 

5337 

5856 

6372 

686* 

^3, 

264 

310 

355 

399 

441 

482 

521 

42i 

4025 

4644 

5248 

5834 

6401 

6966 

7505 

'^ 

275 

324 

371 

417 

461 

503 

545 

42i 

4075 

4702 

53H 

5907 

6481 

7053 

7599 

'^\ 

287 

338 

387 

^35 

481 

52s 

569 

44i 

4434 

5"7 

5783 

6429 

7055 

7678 

8273 

i3i 

299  353 

404 

454 

502 

548 

594 

44i 

4487 

5177 

5852 

6505 

7139 

7769 

8372 

14 

312 

368 

421 

473 

523 

571 

619 

46i 

4863 

5612 

6344 

7053 

7740 

8425 

9079 

14} 

324 

383 

438 

493 

545 

595 

645 

46i 

4918 

5776 

6416 

7133 

7828 

8520 

9181 

Hi 

337 

398  456 

513 

567 

619 

671 

48i  ,5312 

6131 

6930 

7706 

8457 

9206  9922 

Hi 

351 

4H  474 

533 

590 

644 

698 

48i 

5369 

6197 

7006 

7790 

8549 

9306  10030 

IS 

364 

430  492 

554 

613 

669 

725 

50} 

5780 

6672 

7543 

8388 

9206 

10022  10803 

iSi 

378 

446  511 

575 

636 

695 

753 

5oi 

5840 

6742 

7622 

8475 

9302 

10127;  10916 

iSi 

392 

462  :  530 

596 

660 

721 

782 

52} 

6269 

7237 

8182 

9099 

9987 

10873  |"72I 

isl 

406 

479 

549 

618 

685 

748 

811 

52i 

6331 

7309 

8264 

9189 

10087 

10982  11839 

16 

421 

496 

569 

641 

709 

775 

840 

54i 

6777 

7824 

8847 

9838 

10800 

11758I 12677 

16} 

435 

514  I  589 

663 

735 

803 

870 

54i  ,6842 

7899 

8931 

9933 

10904 

11872:12799 

i6i 

450  '  532  609 

687 

760 

831 

901 

56}  7305 

8435 

9537 

10607 

11644 

12679 '13671 

i6i 

466 

550,631 

710 

787 

860 

932 

56i  7372 

8513 

9625 

10705 

11752 

12796  13798 

18 

546 

645 

740 

834 

924 

lOII 

1097 

58} 

7853 

9068 

10254 

1 1405 

12521 

13634  I14701 

18} 

563  665 

763 

860 

953 

;i043 

1131 

58i  '7923 

9149 

10345 

11507 

12633 

13756  !h833 

i8i 

580  685 

787 

887 

982 

,1075 

1166 

60}  8421 

9724 

10997 

12232 

13429 

14623  15770 

I8i 

598:706  811 

913 

1012 

|iio7 

1202 

6oi  8494 

9808 

11091 

12338 

13546 

14751  15906 

1 

M. 

oment  of  Inertia  of  > 

Jet  A 

rea  = 

Tabul 

ar  Value  X  Net  An 

:a  +  Gi 

-OSS  Are 

a  (appr 

ox.). 
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TABLE  32,— ConUnued. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


-f 

1 

^r 

Moments  of  Inertia 

For  Distances 

of  Four  Ansrles 

X                  X 

Measured 

AxisX 

-X. 

d 

from 

Equal  Legs. 

Back  to  Back. 

jiL 

2iL 

size. 

€'y.^' 

Thick. 

f 

A" 

i" 

A" 

1" 

Thick. 

f" 

A" 

19.00 

A" 

f" 

H" 

r 

Area  4  [s 

»4.44 

16.73 

19.00 

ax.a4 

a3.44 

Area4[» 

»4.44 

16.73 

21. 34 

«3-44 

35.60 

27.76 

d" 

Moment 

s  of  Iner 

lia  Abou 

t  Axis  X- 

-X.  Tn.l 

d" 

Moments  of  Inertia  About  Axis  X-X,  In.l       | 

28} 

2377 

2743 

3107 

3457 

3802   4139!  4474 

281 

2423 

2797 

3168 

3524 

3877   4220   4562 

lOi 

250 

287 

322 

355 

387 

30: 

2759 

3185 

3608 

4016 

4419   481 1   5201 

loi 

264 

303 

341 

375 

410 

3oi 

2809 

3243 

3674 

4089 

4499  4899  5296 

II 

279 

320 

360 

396 

433 

32} 

3170 

3660 

4148 

4618 

50821  5434'  5984 

II 

294 

337 

379 

418 

457 

32i 

3224 

3722 

4218 

4696 

5168   5628 .  6086 

ir 

309 

355 

400 

441 

482 

34} 

3610 

4169 

4725 

5262 

5792  6309 1  6823 

III 

325 

373 

420 

464 

507 

34I   3667 

4235 

4800 

5345 

5884  6409  6932 

12 

342 

392 

442 

488 

533 

36}   4079 

4712 

5341 

5949 
6037 

6549  71341  7717 

I2i 

359 

412 

464 

512 

560 

36    4140 

4782 

5420 

6646  72411  7833 

I2i 

376 

432 

486 

537 

588 

38 

4577 

5287 

5994 

6678 

7352   801 1   8667 

I2i 

394 

452 

SIC 

563 

616 

38i 

4641 

5361 

6078 

6772 

7456 

8124  8789 

1 

13 

412 

473 

533 

589 

645 

40} 

5103 

5896 

6686 

7449 

8203 

8939 

9672 

I3i 

431 

495 

558 

616 

675 

4a 

5171 

5975 

6775 

7549 

8313 

9059 

9S02 

I3i 

450 

S17 

583 

644 

705 

42 

5659 

6539 

7415 

8264 

9100 

9918  '  10733 

I3l 

469 

540 

608 

673 

737 

424 

5730 

6622 

7509 

8368 

9216 

10044  ^  10S69 

H 

489 

563 

634 

702 

769 

44} 

6243 

7215 

8182 

9120 

10045 

10949  "849 

H 

Sio 

586 

66i 

731 

801 

44 

6318 

7302 

8281 

9230 

10166 

11081  1 1992 

14 

531 

610 

689 

762 

835 

46 

6857 

7924 

8988 

10019  11036 

12030  1 3021 

Hi 

552 

635 

717 

793 

869 

46i 

6935 

8015 

9091 

10135  1 1 163 

12169  13171 

r 

IS 

574 

660 

745 

825 

904 

48} 

7499 

8667 

9831 

1 10961 

12074 

13 163  14248 

^5l 

596 

686 

774 

857 

939 

48 

7581 

8762 

9939 

1 108 1 

12207 

13308  I44OS 

iSi 

619 

712 

804 

890 

976 

SO 

8170 

9443 

10712 

11945 

13159 

14347  I5S3I 

iSi 

642 

739 

834 

924 

1013 

504 

8256 

9543 

10825 

1 2071 

13298 

14499  15695 

i6 

666 

766 

865 

958 

105 1 

52} 

8870 

I02S3 

1 1632 

,12971 

14291 

15582  16869 

1 

690 

794 

897 

993 

1089 

52 

8959 

I03S7 

1 1750 

1  13 103 

14436 ;  15740  17040 

71S 

822 

929 

1029 

1 129 

54 

9598 

1 1096 

12589 

14040 

15470  16869  18263 

16} 

739 

851 

961 

1065 

1169 

544 

9692 

1 1204 

12712 

14177 

15621  17033  18441 

■  i8 

871 

1003 

1134 

1257 

1380 

56} 

10356 

1 1973 

13585 

15152 

16696 

18206  19712 

i8: 

899 

103  s 

1 170 

1298 

1424 

56 

10453 

12085 

13712 

15294 

16852 

18377  19897 

i8i 

927 

1068 

1207 

1339 

1469 

58; 

1 1 143 

12883 

14618 

16306 

17968 

19595  21217 

18} 

956 

IIOI 

1244 

1380 

1515 

584 

1 1243 

12999 

14750 

16453 

18131 

19772  21409 

20} 

1137 

1310 

148 1 

1645 

1806 

6o| 
60} 

11958 

13827 

15690 

17502 

19288 

21035  22777 

20 

1 169 

1347 

1523 

1691 

1857 

12062 

13947 

15826 

17655 

19456 

21219 ,  2297^ 

22  : 

1403 

1618 

1831 

2034 

2235 

62}   12802 

14804 

16799 

1 874 1 

20654 

22526  24393 

22 

1439 

1659 

1877 

2085 

2292 

624   12910 

14928 

16940 

18899 

20828 

22716  24599 

24i 

1699 

i960 

2218 

2466 

2710 

64}   13676 

15814 

17946 

20023 

22067  24069  26065 

24i 

1738 

2005 

2269 

2523 

2773 

13787 

15943 

18093 

20186 

22247  24265  2627* 

26i 

2023 

2335 

2644 

2940 

3233 

66} 

14578 

16858 

19132 

21347  !  23527  '  25662  27792 

26i 

M 

2066 

2384 

2700 

3002 

3302 

664 

14693 

16991 

19283 

21515  23713  '25865  28012 
ro88  Area  (approx.). 

oment 

of  Inei 

'tia  of  ] 

NJetAre 

a  =Ta 
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alue  X 
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TABLE  32.— Continued, 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


Moments  of  loertia 

of  Four  Angles, 

Axis  X-X, 

Equal  L^^s. 

^^"■■T 

J1IL____  1 

For  Distances 

Measured 

from 

Back  to  Back. 

1 

Size. 

6"  X  6" 

Thick. 

1"   ;   /." 

i" 

A"  ;   1" 

W     '   1" 

il" 

1" 

il" 

"' 

Area  4[s 

17.44    30.34 

33.00 

1 
35-73  1  38.44 

3Z.Z3 

33.76 

36.36 

38.9a 

41.48  [    44.00  1 

d" 

Moments  of  Inertia  about  Axis  X-X.  for  Various  Distances  Back  to  Back  of  Angles,  In.^. 

S4i 
S4i 

S6J 

1 1389 
II500 
12295 
I24II 

13 196 

13325 
14247 

143  8 1 

14971 
15118 

16164 

163 17 

16701 
16865 
18034 
18205 

18438 
I8619 
I99II 
20099 

20143 
20341 

21753 
21959 

21799 

22013 

23544 
23767 

1 
23440 
23671 
25318 
25558 

25050 
25297 

27058 
27315 

26654 
26917 

28793 
29066 

28228 
28507 
3049s 
30785 

S8l 

6oi 
6o* 

13236 
13356 
142 1 2 

H337 

15338 
15478 

16470 

16615 

17404 
17562 

18689 

18853 

194x9 
19596 

20855 

21038 

21440 
21636 
23027 
23230 

23426 

23639 

25I6I 

25382 

25357 
25588 

27237 
27476 

27269 
27518 
29292 
29550 

29145 
294 1 1 

31309 
31585 

31015 
31299 

33321 
33614 

32851 

33151 
35294 
3560s 

6»i 

62i 

64t 

64^ 

15223 

15352 
16269 

16402 

17643 
17792 
18856 
19010 

20021 
20191 
21398 

21574 

22342 
22532 
23881 
24077 

24671 
24880 
26371 
26588 

26958 
27187 

28817 

29054 

29184 

29432 
3II99 
31456 

31388 
31655 
33557 
33833 

33551 
33837 
35872 
36167 

35709 
36013 

38179 
38494 

3782s 
38148 

4044s 
40778 

66i 
66i 
68} 
68i 

17350 
17488 
18466 
18608 

20109 
20269 
21403 
21568 

22822 
23003 
24291 
24478 

25471 

25673 
27113 

27322 

28128 
28352 

29943 
30173 

30739 
30984 
32723 
32975 

33282 

33547 
35432 
35706 

35799 
36084 

38113 
38407 

38269 

38575 

40745 
41060 

40733 
41058 

43370 
43706 

43152 
43496 
45947 
46303 

7oi 
7oi 

72i 

72t 

19616 
19762 
20801 
20952 

22738 
22907 
24113 
24287 

25807 

25999 
27368 

27567 

28806 
29022 
30551 

30773 

31814 
32052 
33742 
33987 

34769 
35029 

36877 
3714s 

37650 

37932 

39935 
40225 

40500 
40803 
42960 
43272 

43299 
43623 

45930 
46264 

46090 
46436 
48893 

49249 

48830 

49197 
51802 

52179 

76J 
78J 

8oi 

22177 
23436 
24731 
26060 

25708 
27169 
28670 
30212 

29180 

30839 
32544 
34295 

32575 

34429 

36334 
38291 

35979 
38027 

40133 
42296 

39324 
41564 

43867 
46232 

42587 
45015 
47512 
50075 

45814 
48428 

51115 

53875 

48983 
51780 

54655 
57607 

5214s 
55124 
58186 
61331 

55250 

61654 
64989 

82J 
84J 
86} 
88i 

27424 
28823 

30257 
31726 

31794 

33417 
35080 

36784 

36093 
37936 
39825 
41760 

40299 
42359 
44470 

46633 

44515 
46792 

49125 
51515 

48660 
5II49 

53701 
56315 

52707 
55405 
58172 
61005 

56707 
59612 

62590 

65641 

60638 

63746 
66932 
70196 

64559 
67870 

71264 
74741 

6841 1 
7 192 1 
75S20 
79206 

90I 
92} 

96} 

33230 
34768 
36342 

37950 

38528 
40313 
42138 
44004 

43742 

45769 
47842 

49961 

48847 
51112 

53429 

55797 

53962 
56466 
59026 
61644 

58992 

61730 

64531 
67394 

63907 
66876 
69912 
73016 

68764 
71960 

75229 
78571 

73537 

76957 

80454 
84029 

78301 
81943 
85669 
89478 

82980 

86843 
90793 
94831 

looi 

I02i 
IO4J 

39593 
41271 

42984 
44732 

45910 

47857 
49844 

51872 

52126 

54338 

56595 
58898 

58217 
60689 
63211 

65785 

64319 
67050 

69838 

72683 

70319 

73307 
76357 
79469 

76187 
79426 

82733 
86107 

81985 
85472 
89031 
92664 

87682 

91413 
95222 
99109 

93369 

97344 
101401 

105542 

98958 
103172 

X07474 
111865 

io6J 
io8i 
iio| 

112^ 

46515 
48332 
50185 
52072 

53940 
56049 
58198 
60387 

61247 

63643 
66084 

68571 

6841 1 
71088 

73817 
76597 

75585 

78544 
81560 

84633 

82643 

85879 

89178 

92539 

89548 
93057 

96634 
100278 

96369 
100147 

103997 
107920 

103074 
107116 
I I 1236 

I 15434 

109765 
114072 
I I 8461 
122934 

I 16343 
120909 

125563 
130306 

Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  ■*■  Gross  Area  (approx.). 
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TABLE  32.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 


nir"" 

Moments  of  Inertia 

1 

For  Distances 

of  Four  Anjrles, 

1 

X 

-  ^  i 

1 

Measured 

Axis  X-X. 

6 

; 

from 

Equal  Legs. 

1 
1 

Back  to  Back. 

JL  ] 

r 

Size. 

8"  X  8" 

Thick. 

i" 

A" 

f 

W 

!" 

U" 

i" 

«" 

i" 

xA" 

i|" 

Area4[s 

31.00 

34.7» 

38^ 

42.za 

45.76 

49.36 

53.92 

5648 

60.00 

63.48 

66.92 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.^.        1 

i6i 

1333 

1483 

163 1 

1775 

1910 

2046 

2179 

2310 

2430 

2554 

2674 

i8i 

1686 

1877 

2065 

2249 

2423 

2598 

2769 

2937 

3094 

♦  3254 

3409 

i8i 

1740 

1937 

2132 

2322 

2502 

2683 

2860 

3034 

3196 

3361 

3523 

20} 

20i 

2146 

2391 

2634 

2871 

3095 

3321 

3542 

3760 

3964 

4172 

4375 

2208 

2461 

2710 

2954 

3186 

3419 

3646 

3871 

4082 

4296 

4505 

22i 
22} 

2669 

2976 

3279 

3576 

3859 

4143 

4421 

4696 

4955 

5218 

5475 

2739 

3054 

3365 

3670 

3961 

4253 

4538 

4821 

5087 

5357 

5621 

24i 

3254 

3630 

4001 

4366 

4714 

5064 

5406 

5745 

6066 

6390 

6708 

24t 

333* 

3716 

4097 

4471 

4828 

5186 

5536 

5884 

6213 

6546 

6871 

261 

3901 

4353 

4801 

5240 

5661 

6083 

6497 

6907 

7296 

7690 

8075 

26^ 

3987 

4448 

4906 

5355 

5786 

6217 

6640 

7060 

7458 

7861 

8255 

28i 

4610 

5145 

5677 

6198 

6699 

7201 

7693 

8182 

8647 

9116 

9576 

28i 

4703 

5249 

5792 

6324 

6835 

7348 

7850 

8349 

8824 

9303 

9773 

30i 

5381 

1  6008 

6630 

7241 

7829 

8418 

8996 

9569 

10117 

10669 

11211 

3oi 

5482 

6120 

6754 

7377 

7977 

8577 

9166 

9751 

103 10 

10872 

1 1425 

32i 

6214 

6939 

7659 

8367 

9050 

9733 

10404 

11070 

II 708 

12350 

12980 

32} 

6323 

7060 

7794 

8514 

9209 

9904 

10587 

11266 

11915 

12569 

13210 

34i 

7109 

7940 

8766 

9578 

10363 

11147 

II918 

12684 

13419 

14157 

14882 

34* 

7225 

8070 

8910 

9736 

10534 

11331 

I2II4 

12893 

13641 

14392 

15129 

36i 

8066 

9010 

9950 

10873 

11768 

12660 

13538 

14410 

15249 

16091 

16919 

36i 

8190 

9149 

10103 

11041 

11950 

12856 

13748 

14634 

15486 

16342 

17183 

38i 

9085 

10 1 50 

11210 

12253 

13264 

14272 

15263 

16250 

17200 

18152 

19089 

38I 

9217 

10298 

11373 

1 243 1 

I34S7 

14480 

15487 

16488 

17452 

18419 

19369 

4oi 

10166 

11360 

12547 

14717 

1485 1 

15982 

17095 

18202 

19270 

20340 

21393 

40J 

10306 

11516 

12720 

13905 

15056 

16203 

1733  I 

18454 

19538 

20623 

21690 

42I 

11309 

12638 

13962 

15264 

16530 

17791 

19032 

20268 

21461 

22656 

23831 

4*4 

1x456 

12803 

14144 

15464 

16746 

18024 

19282 

20534 

21743 

22954 

24145 

44i 

12514 

13987 

15453 

16897 

18300 

19699 

21076 

22446 

23772 

25098 

26402 

44i 

12669 

14160 

15645 

17107 

18528 

19944 

21338 

22726 

24069 

25412 

26733 

46i 

13781 

15404 

1 702 1 

18613 

20162 

21705 

23225 

24738 

26202 

27667 

29108 

46J 

13944 

15586 

17222 

18833 

20401 

21963 

23501 

25032 

26514 

27997 

29456 

48I 
48} 

15110 

16891 

18666 

20414 

22116 

23811 

25480 

27142 

28753 

30363 

31947 

15280 

17082 

18877 

20645 

22366 

24081 

25769 

27450 

29080 

30709 

32312 

50} 

16501 

18448 

20387 

22299 

24161 

26014 

27840 

29659 

31423 

33186 

34921 

SO* 

16679 

18647 

20608 

22540 

24423 

26291 

28143 

29982 

31766 

33548 

35302 

52i 

I79S4 

20074 

22186 

24268 

26297 

28317 

30307 

32290 

34214 

36136 

38028 

52I 

18140 

20282 

22416 

24520 

26571 

28612 

30623 

32626 

34571 

36513 

38426 

54i 

\^s 

21769 

24061 

26321 

28525 

30718 

32879 

35033 

37125 

39212 

41269 

54 

21986 

24301 

26584 

28810 

31026 

33208 

35384 

37497 

39606 

41684 

56 

21046 

23534 

26014 

28459 

30845 

33219 

35578 

37889 

40155 

42416 

44644 

S64 

21247  23759 

26263 

28732 

3 1 141 

33538 

35900 

38254 

40542 

42826 

45075 

Mc 

>ment  of  Inertia  c 

)f  Net  Ai 

rea  =  Ts 

ibular  Vi 

ilue  X  N 

et  Area 

•h  Gross 

Area  (a; 

)prox.). 
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Fur  DiiuBcet 

— —  4                "frJ^"" 

T                                 B«ktaBuk. 

1 

: 
= i. 

8"X«" 

If    \      I"         H"     1      >"      1    >A" 

>1" 

«.36     1     5»^.           s«^     1     60^     1     6j^ 

».fM 

r  Vuiou.  DiHUHH  B4ck  10  Bick  of  Aogl«.  Ii,.«.                   ] 

s 

1 

35817 
36149 

IS 

3834* 
38697 

41600 

40858 
41137 

43940 
44333 

43306 
46994 

4S747 
46171 

SI 

♦til' 
48601 

SII60 

I 
1 

i 

44106 

44S75 

44128 
44609 
47319 
47714 

47 1 35 
47S43 

49967 
50399 

53478 
53915 

51789 
53147 
56501 
56974 

SSS7" 
56053 
59481 
59980 

y 

47100;    S0537 
47581      50945 
50291 1    53850 
S0686      54171 

53864 
54300 
S7398 
57848 

57108 

Ft 

61336 

60340     63535 
608291   64040 
64305  1   67703 
64810     68135 

; 

53483      57169 
53889      S7>04 
56773      60794 
57191      61241 

6104; 
65183 

64719 

68710 
69127 

68398     710IS 
68919     71563 
71617     76460 
73154     77035 

i 

60591      648S6 
64092      68636 
67690      71491 
71387'    76453 

69170 

73170 
77283 
81509 

73353 
86450 

775 '6     81631 
82006      86351 
86612  1    91215 
91365      96113 

' 

75183      80511      85847 
79077      84694      90299 
83071      88973      94864 
87163,    93398      99541 

91055 

100616 
105591 

96235  1  lO"344 
101133    '06609 
106357    111008 
111608    1I7S4' 

91JS3  1    97B+9    io+33» 

>     95643  ;  i°i446    109136 

.1  100031    107148    114151 

104518    111956    119382 

110678  116986  113108 
115883  112491  119009 
111109;  128113!  134943 
126654 '1338B2141011 

.109103    116871    114614  Ii3»"0    139767    147114 
[113787    111891    119980; 1379061145780    isjsso 
,1  118570.127016,  1354481  143711  .1151910!  160019 
i!  113451    '3"48    i4'Oi9    1496371158187,166613 

106 

lo8 

81015 

84111 
87471 
90791 

90665 

94144 
97891 
101610 

100199    1098 1 J 
■04160, 114151 

1081971118574 
111411^113081 

1191611118431     137587    146713  i  155681     164581     173361 
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369 

436 

SO' 

562'  623 

6B1 

738 

79' 

4^1 

S023 

5802 

6S5S 

7310 

8747   943  S 

"3 

364 

454 

S" 

j86^  650 

709 

770 

824 

41I 

5085 

S873 

6636 

7400 

B129 

8855,  95  SI 

U 

399 

473 

543 

6jo   677    739     801 

as9 

44 

S530 

6388 

7217 

8050 

8843 

9634  '0393 

Hi 

4'S 

492 

565 

634    704   7&9    835 

894 

44 

5595 

6463 

7303 

8.45 

8948 

9748:10517 

'4i 

43  i 

511 

S87 

659!  732    Boo'    B68 

930 

46 

6061 

7002 

7911    8826;  9697 

10564111199 

Ul 

448 

SJ> 

610 

685    761    831     902 

967 

46 

6129 

7080 

Sooi    8925,  98o6io683|iis27 

IS 

46s 

SSI 

633 

711    790    863'   93« 

1004 

48 

6616 

7644 

8639I  9637  I0589>ii37  11450 

IS 

48Z 

S7I 

657 

7381  819   89;    972 

1042 

4S 

6687 

77!6 

8732    974"  10703111662,12585 

'5 

500   591 

68) 

7651  849   929,  1008 

1081 

5° 

7196 

83.5 

939e'io485iiiS2i  12554113548 

IS 

518,613 

70s 

792.  880   962  104;    nil 

SO 

7270 

8400 

9495,10593,1164011684  136RB 

i6 

S36,63! 

730 

810'  912   997  1082  1  1161 

52 

7800 

9013 

10189I1136B  1249!  13613  14693 

i6 

SS4  1  6S7 

7S6 

849    943   103:    1120     1202 

7878 

9103 

12090  11481112616  13748  14839 

i6 

573  '  679 

781 

878I    9761067    1159!  1144 

S4 

8429 

9740 

11011,12187  13503  14715,15884 

16 

591    702 

908  1009  IIO4    1199     1186 

54 

8509 

9833 

1111712404136321485616035 

iB 

693 

821 

94S 

1061  1182  1294!  1406'  isio 

56 

9082 

10496 

Ii867'i324i  14553  1586017121 

714 

846 

974 

I096|iii9  1334' 1449    1556 

56 

9165 

10592 

'1976,13363  14M7;  16006  17279 

i8j 

73S 

872 

1004 

1129  1256  1 374I  1493    1604 

S8 

9TS9 

1 1279 

12754  14132  'SHI  17048118405 

i8i    !7S7 

897,1033 

1163  1293  141s  1538]  1652 

58 

9846 

11379  12867  14358,13781  17199,18569 

Moment  of  Ineni 

of  Net  Area  -  Tabular  Value  X 

\ci  A 

ea  +  Gross  Area  (appre.i.)- 

TABLE  33,— Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


^r' 

r 

1 
1 

Moments  of  Inertia 

of  Four  Ancles, 

Axis  X-X, 

Long  Legs  Tnmed  Out. 

X 

X 

1 
1 

d 

1 
1 

1 

For  Disunces 

Measured 

from 

Back  to  Back. 

=J1(L=..... 

1 
1 

X 

Size. 

6"  X  4",  Long  Legs  Turned  Out 

• 

Thick. 

1" 

A" 

i" 

A" 

\" 

U" 

i" 

it"   j 

i" 

!l" 

x" 

Area  4  [s 

14-44 

x6  73 

X9.00 

21.24  j 

23-44 

25.60 

27.76 

29.88 

31.92 

34.00 

36.00 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.^. 

8} 
lOj 

I2j 
I2i 

178 

273 
288 

408 
427 

■   203 
312 
330 
468 
490 

227 

350 
370 
526 

551 

251 
387 
409 

611 

273 
423 

448 

639 

669 

293 

455 
482 

689 

722 

314 
489 

517 
741 
777 

333 
521 

552 

791 
829 

352 

551 
583 
839 
879 

370 

581 
615 
886 

929 

606 
642 

927 
972 

Hi 

i6J 
16} 

572 

765 
791 

658 
684 
881 
911 

740 
770 

992 
1027 

822 

855 
IIO3 

II4I 

901 

937 
1210 

1252 

974 
1013 

13 10 
1356 

1049 
1092 
1413 
1462 

1122 
1 167 
1512 
1564 

1 190 
1238 
1605 
1662 

1259 
1310 
1700 
1760 

1320 

1374 
1784 
1848 

i8i 
i8i 

20i 
20i 

987 
1017 

1238 

1271 

"37 
1171 
1427 
1465 

1282 
1321 
1611 
1654 

1426 
1470 
1792 
184I 

1566 
1614 
1969 
2023 

1698 
1750 
2136 
2195 

1831 
1888 
2306 
2369 

1961 
2022 
2471 

2539 

2084 
2149 
2627 
2700 

2209 
2277 
2786 
2863 

2321 

2393 
2930 

301 1 

22i 
22§ 

24i 
24§ 

1518 

1SS5 
1826 

1867 

1750 

1793 
2107 

2154 

1977 
2025 

2381 
2434 

2201 

2255 
2652 

27II 

2419 
2478 
2916 
2981 

2626 
2691 
3167 
3238 

2836 
2906 
3421 
3498 

3040 

3669 
3752 

3234 
3315 
3905 
3993 

3431 
3516 
4144 

4238 

361 1 
3701 

4363 
4463 

26i 

26i 

28i 

28i 

2164 
2208 
2530 
2578 

2497 
2548 
2920 
2976 

2823 
2881 

3303 
3366 

3145 

3210 

3681 
3751 

3459 
3530 
4050 
4127 

3759 

3837 
4402 

4486 

4062 
4146 

4759 
4850 

4358 

4448 
5106 

5204 

4639 
4736 
5438 
5542 

4925 
5027 

5775 
5885 

5188 
5296 
6085 
6202 

30J 

3oi 

32I 

32I 

2925 
2977 

3349 
3404 

3377 

3437 
3868 

3931 

3821 

3889 

4377 
4450 

4259 

4335 
4880 

4961 

4687 
4770 

5371 
5460 

5097 
5187 

5842 

5939 

55" 

5609 

6318 
6423 

5914 
6020 

6782 

6895 

6300 
6412 
7226 
7346 

6692 
6810 

7677 
7804 

7054 
7180 

8094 

8230 

34i 
34i 
36I 
36J 

3802 
3861 
4284 
4346 

4391 

4459 

4949 
5021 

4971 
5048 
5604 

5685 

5544 
5629 

6249 
6341 

6102 

6197 
6880 

6981 

6639 

6743 
7488 

7597 

7181 

7293 
8100 

8219 

7710 
7830 
8698 
8825 

8216 

8344 
9269 

9406 

8730 
8865 
9851 

9995 

9207 

9351 
10392 

10545 

38i 
384 
4oi 
40J 

4795 
4861 

5334 
5404 

5616 
6164 
6244 

6274 
6360 
6982 
7073 

6998 

7094 
7788 
7890 

1  7705 
i  781 1 

1  8577 
1  8689 

8387 

8503 

9337 
9460 

9074 
9200 

10104 

10236 

9745 
9880 

10852 

10995 

10387 
1053 1 
II 568 
1 1 720 

1 1040 
1 1 192 
12297 
12458 

1 1649 
11811 
12978 
13 149 

42i 
42§ 
44i 
44* 

5903 
5976 

6500 
6577 

6821 
6906 
75X2 
7601 

7728 

7824 
8512 
8613 

8622 
8729 

9497 
9610 

'  9495 

'  9613 

1  1046 I 

10585 

10339 
10468 

"392 
11527 

II 189 
11328 
12329 
12476 

12019 
12169 

13245 
13403 

12813 

12974 
14122 

14291 

13622 
13791 
15015 

15 193 

14378 

14558 
15851 
16040 

46) 
48: 

48i 

7127 
7207 

7787 
7866 

8237 
8330 

8995 
9092 

9334 
9440 

10 1 94 

10305 

104 1 6 
10533 
11376 
"499 

"473 
,  "603 

12533 
,  12668 

12496 
12638 
1 365 1 
13800 

13526 
13679 

14777 
14938 

let  Area 

14532 

14697 
15878 

16050 

15495 

1 567 1 
16932 

17116 

16476 
16662 
18005 
18199 

17396 

17594 
19013 

19220 

Mc 

>ment  of 

Inertia  c 

)f  Net  Ai 

rea  =  Ti 

ibular  Vj 

alue  X  ^ 

-r  Gross 

Area  (a] 

pprox.). 
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TABLE  33.— Continued. 
Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


^r^' 


Moments  of  Inertia 

of  Four  Angles. 

Axis  X-X. 

Long  Legs  Turned  Out. 


F<H'  Distances 

Measured 

from 

Back  to  Back. 


=110= i 


Size. 


6"  X  4".  Long  Legs  Turned  Out. 


Thick. 


Area  4  [s 


I" 


^•44 


ft 


16.73 


L" 


29. 00 


tt 


ax. 34 


i 


ft 


23-44 


ii 


// 


35.60 


i 


// 


37.76 


i% 


n 


39.88 


I// 


31.93 


it 


// 


34-00 


36.00 


V* 


Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  An^es.  ln.<. 


5oi 
Soi 
S-i 
S^i 

54i 
54I 
S6i 
S64 

S8i 
S8f 
6oi 
60) 

62i 
62I 

64i 
644 

66} 

68} 
68| 

7oi 
7oi 

72} 
72J 

74i 
76i 

78} 
8o| 

82I 
84i 
864 
884 

921I 

944 
964 

984 
looi 

102I 
1044 


8466 

8553 

9179 
9270 

9921 
10015 
10691 
10789 

11491 

1 1593 
123 19 

12425 

13 176 
13286 
14063 

1417s 

14978 
15094 
15922 
16042 

16894 
1 701 8 
17896 
18023 

19057 
201 2 1 

21212 

22333 

23483 
24662 
25869 
27105 

28371 
29665 
30988 
32340 

33720 

35130 

36569 
38036 


9786 
9887 
0611 
0716 

1469 

1579 
2361 

3286 

3404 
4244 

4367 
5236 

5363 
6262 

6392 
7321 

7455 
8413 

8552 

9539 
9682 

20698 

20845 

22042 
23272 
24536 
25833 

27164 
28528 
29925 
31356 

32821 
34318 
35850 
374H 

39012 
40644 

43309 
44007 


1093 
1207 
2029 
2148 

3003 
3127 
4015 
4144 

5065 

5199 
6153 

6292 

7279 

7423 
8443 

8592 

9646 

9799 
20886 

21043 

22164 
22326 
23480 

23647 

25006 
26403 
27838 
293 II 

30822 
32370 

33957 
35582 

37245 
38946 

40685 

42462 

44277 
46129 

48020 
49949 


2379 
2508 

3425 
3559 

4513 
4652 
5644 
5788 

6817 
6967 
8032 
8187 

9291 

9451 
20591 

20757 

21934 
22105 
23320 
23496 

24747 

24929 
26218 

26405 

27923 
29484 
31087 

32733 

34421 
36151 

37925 
39740 

41598 

43499 
45442 
47427 

49455 
51526 

53639 
55794 


13639 
13780 
14792 

14939 

15992 
16145 
17238 

17397 

18532 
18697 
19873 
20043 

21260 
21437 
22694 
22877 

24175 
24364 

25703 
25898 

27278 

27478 
28900 
29106 

30781 
32502 
34270 
36086 

37948 

39857 
41812 

43815 

45865 
47961 
50105 
52295 

54532 
56816 

59147 
61524 


14858 
15012 
161 16 
16277 

17425 
17592 

18785 

18958 

20196 
20376 
21659 
21845 

23172 
23365 

24737 
24937 

26353 

26559 
28021 

28233 

29739 
29958 

31509 
31734 

33561 
35440 
37370 
39350 

41383 
43466 

45600 

47786 

50023 
523 1 1 
54651 
57041 

59483 
61976 

64520 
67115 


16085 
16252 

17447 
17622 

18866 
19047 
20339 
20527 

21869 
22064 

23453 
23655 

25094 

25303 
26790 

27006 

28541 
28764 
30348 
30578 

32210 

32447 
34128 

34372 

36352 
38388 
40480 
42627 

44829 

47087 
49401 
51770 

54194 
56674 

59210 

61801 

64448 
67150 
69908 
72721 


17284 
17464 
18749 
18937 

20275 
20470 
21860 
22062 

2350s 

2371S 
25209 

25427 

26974 
27199 
28798 
29030 

30682 
30922 
32625 
32873 

34629 
34885 
36692 

3695s 

39086 
41276 
43526 
45836 

48205 

50634 

53123 
55672 

58281 

60949 
63677 
66465 

69312 
72220 

75187 
78214 


18433 
18625 

19997 
20197 

21626 
21833 
23318 

23533 

25074 
25297 

26894 

27125 

28778 
29017 

30725 
30972 

32736 
32991 
3481 1 

35074 

36950 
37221 

39153 
39432 

41707 

44045 

46447 
48914 


54037 
56695 
59417 

62202 
65051 

67964 
70941 

73982 
77086 
80254 
83487 


19602 
19805 
21267 
21478 

23000 
23220 
24801 
25029 

26669 

26907 
28606 
28852 

3061 1 
30866 
32684 

32947 
34825 

35097 
37034 

37314 

39311 
39600 

41656 
41953 


20701 

20917 
22462 

22687 

24295 
24529 
26200 
26443 

28176 
28429 
30225 
30486 

32346 
32616 

34539 
34818 

36803 
37092 
39140 

39437 

41549 
41855 
44030 

44345 


44375  i  46907 
46864     49540 

49422  I  52246 

52047  i  55024 


51444  !  54741 


57502 
60332 
63229 

66195 
69228 
72330 

75499 

78736 
82402 

8541S 
88857 


57874 
60795 
63789 
66855 

69993 
73202 

76484 
79838 

83264 
87761 

90331 
93973 


Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  -5-  Gross  Area  (approx.). 
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TABLE  i3.—  ConUniud. 

Moments  of  Inertia  of  Four  Ancles  with  Unequal  Legs,  Axis  X-X. 

Long  Legs  Turned  Out. 


MoDctlli  of  IncrtU 
of  Four  AbrI«. 

Lone  Lc«r  Tunid  Out. 

B«.r^ 

Jl!=....i 

Si». 

B"  X  6".  ton 

L^  TuTMd  Oui. 

1" 

"   J„ 

Vuiou.  DiHance,  B.ck 

loB.cl(o(A=gl«.  lo 

*■" 

S4 

S6 

1695  s 
I7II4 

17858 
1803 1 
19270 

19450 

I99S3 

20147 
1IS33 
21735 

21029 
21244 

13775 
23998 

24072 

24307 

Z6I08 

26,64 

28181 
28446 

»809i 

28365 

30034 
30328 

32423 
32718 

31997 

32310 
34S4S 
34870 

33902 
34134 

& 

f>l 

i8»44 
18409 
19581 
19751 

20736 

20923 
22257 
22450 

13174 

13383 
14375 
15091 

25588 

25819 
27467 
27707 

27964 
28217 
30010 

30282 

32564 

32850 

32642 
32938 
35046 

35353 

34904 
35111 
37477 
37805 

37190 
37518 
39934 
40284 

39409 
39767 

6i 
62 

5 

21141 

22396 
21579 

23S31 
24031 

s 
s 

29414 

29662 
314:7 

31684 

31149 
32420 
34351 
34631 

34876 

37571 

37536 
37853 
40111 
40440 

42899 
43150 

42775 
43137 

45331 

66 

66 
6S 
68 

14064 
25402 
15596 

17.41 
27356 
28878 
29099 

30340 
30580 
31283 
32530 

33508 
33772 
35655 
35918 

36627 

36916 
389TS 
39174 

39737 

42287 

42612 

41774 
43111 
45521 
45870 

45747 
46110 
48687 
49061 

48751 
49139 

51888 
52187 

51670 
52080 

S4996 

SS419 

7ii 

26976 
27176 
18597 
28803 

32513 
3174.7 

34187 

37869 

38150 
40.50 
40+40 

41397 
4170s 
43891 
44209 

44916 
45151 
47625 

47970 

48354 
48714 
51273 
51644 

S1719 
51105 

54843 
55240 

55121 

SS531 
58453 
58876 

58415 
58861 
61958 
62407 

30+78 
32100 
33969 
35786 

34651 
36611 
38615 
406QI 

3874! 
40937 
43190 

4SS03 

42796 
45119 
47709 

50166 

46787 

49437 
SI161 
54958 

59640 

54659 
57760 
60947 
64220 

5B468 
61787 
68700 

613. 8 

65858 
69495 
7323' 

6605S 

7763] 

82] 

86i 

37651 
39561 
41522 
43518 

418.3 
4498B 
472.7 
49500 

47877 
55362 

51889 
55800 

57828 
6077' 

61757 
65953 
69228 
71583 

67578 
71022 

71195 
75981 

77065 
80997 
85016 
89154 

81699 

85870 
90144 

94S1J 

9ii 

49833 
51030 

S1837 

56674 
59173 

63390 

66.88 

64053 

6701 1 
70036 

73128 

70041 

73177 
76586 
79969 

76017 
79531 
83.15 
86798 

81869 
85656 
89529 
93488 

87592 
91646 
95791 
100019 

93380 

97704 
1^5 

99005 

.13076 

a 

104J 

54174 
56565 
589CH 
61290 

61726 
69709 

7.963 
74942 
77981 

76187 
79511 
81805 
86164 

83425 
86954 
90556 
94131 

90551 
94383 
98294 

101285 

97531 
101661 
105878 
110180 

104358 
108779 
113292 
1.7897 

...263 

115979 
110792 
125  04 

■17975 
111977 

.18083 

13329+ 

106 
112 

Mom 

6873J 
71309 

71478      8 1081 
7S30I   1  84241 
78178      87461 
Biiio     90742 

89590 
93084 

96644 

100270 

97980 
101802 

106356 
110506 

114736 
119045 

1.4567 
119041 

122594 
117382 
132163 
13713s 

130714 
135811 
141028 
146331 

ijstoe 
144017 
149549 

1SSI7! 

ntoflnertiaofNelAre. 

-  Tabular  '  alu 

XNct^ 

rea  +  G 

OM  Area 

approi.)- 

TABLE  34. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


Moments  of  Inertia 

of  Four  Angles, 

Axis  X-X, 

Short  Legs  Turned  Out. 


JL, 


X  4 


For  Distances 

Measured 

from 

Back  to  Back. 


Size. 


Thick. 


Area  4  [s 


3"  X  a«".  Short  Legs  Out. 


\.ff 


5.n 


// 


6.48 


I 


ff 


7.68 


8.88 


i 


It 


20.00 


3i"  X  aj",  Short  Legs  Out. 


V't 


5.76 


, // 


7.1a 


\"         h" 


8.44 


9.7a 


i 


// 


zz.oo 


4"  X  3".  Short  Legs  Out. 


x« 


8.36 


I 


// 


9.9a 


IB 


ZZ.48 


r 


X3.00 


i4-t8 


VI 


277 
287 

297 
348 

369 
380 


Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.*. 


33 

1 
41 

37 

44 

40 

48 

43 

53 

47 

57 

51 

62 

55 

67 

59 

72 

63 

77 

68 

83 

72 
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Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  -«-  Gross  Area  (approx.). 
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TABLE  S^.— Continued, 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,.  Axis  X-X. 

Short  Legs  Turned  Out. 
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Moments  of  Inertia 

*                                 For  Distances 
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17.88 

1" 

29.68 

iJ" 
21.48 

33.34 

Area4[t 

Area  4  [s 

d" 

Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.^.         1 

!Sl 

193 

221 

246 

272 

296 

320 

340 

32: 
32 

2601 

3002 

3388 

3775 

4143  4509 

4859 

20^ 
216 

234 

261 

288 

314 

339 

361 

2646 

3054 

3446 

3840 

4214 

4587  4942 

II 

247 

276 

305 

332 

359 

382 

34 

2967 

3426 

3867 

4309 

4731 

5149  5550 

"i 

228 

261 

292 

322 

351 

380 

405 

34 

3015 

3481 

3929 

4379 

4807 

5233  5639 

11} 

240 

275 

308 

340 

371 

401 

428 

36 

3358 

3877 

4378 

4880 

5357 

5833  6288 

iii 

253 

290 

324 

359 

391 

423 

451 

36 

3409 

3936 

4444 

4953 

5439 

5921  6383 

12 

266 

305 

341 

378 

412 

469 

475 

38: 

3773 

4357 

4920 

5485 

6024 

6559  7072 

I2i 

280 

321 

359 

398 

433 

501 

38 

3827 

4419'  4990 

5564 

6110  6653,  7173 

I2I 

294 

337 

377 

418 

456 

493 

526 

40 : 

4213 

48661  5495 

6127 

6729  73281  7903 

I2I 

308 

354 

396 

439 

478 

517 

553 

4a 

4270 

4931 

5569 

6210 

6820 

7427 

8010 

13 

323 

370 

415 

460 

502 

543 

580 

42 

4677 

5402 

6102 

6805 

7474 

8140 

8780 

I3i 

338 

388 

434 

482 

525 

569 

608 

424 

4737 

5471 

6180 

6892 

7570 

8245  8893 

134 

353 

406 

454 

504 

550 

595 

637 

44I 
444 

5 165 

5967 

6741 

7518 

8258 

8995 1  9704 

I3J 

369 

424 

475 

527 

575 

623 

666 

5228 

6039 

6823 

7610 

8359 

9105 

9822 

'4, 

386 

443 

496 

551 

601 

651 

6;6 

46i 

5678 

6560 

7412 

8267 

9082 

9894  10674I 

^*t 

402 

462 

518 

575 

627 

679 

727 

464 

5744 

6636 

7498  8363 

9188  10009  10798 

144 

419 

482 

540 

599 

654 

709 

759 

48i 

6215 

7181 

8115  9052 

9945,1083511691 

Hi 

437 

502 

563 

625 

682 

739 

791 

484 

6285 

7260 

8205  9152 

10055  10955111821 

15 

454 

522 

586 

650 

710 

770 

824 

50I 

6777 

7830 

8850  9872 

10847  118 19' 12754 

iSi 

472 

543 
586 

609 

677 

739 

801 

858 

504 

6849 

7913  8944I  9977110963  11945128901 

is4 

491 

633 

704 

768 

Hi 

892 

52i 

7363 

8508 

9617' 10728, 11789  12846  13864I 

iSi 

510 

658 

731 

798 

866 

928 

524 

7438 

8594 

9715  10838 

11909  1 2977!  14005 

16 

529 

609 

683 

759 

829 

899 

964 

54} 

7973 

9214 

10415  1 1620 

12770  1 39 1 5  15020 

16} 

549 

631 

709 

788 

860 

933 

1000 

544 

8052 

9304  I05i8;ii734,i2895, 14052  15167I 

i6i 

569 

654 

735 

817 

892 

968 

1038 

56i 

8608 

9948  1 1246  12548 

13790  15028  16223 

16} 

589 

678 

761 

846 

925 

IC03 

1076 

564 

8689 

10041  11352  12667 

1392M5170I 16376 

18 

697 

803 

902 

1003 

1097 

1 190 

1277 

58i 

9267 

10710,12109113512 

14850' 16 1 84  17472 

i8i 

720 

829 

932 

1036 

1133 

1230 

1320 

S8i 

9352 

1080711221913635 

14985' 16332I 1763 1 

i8| 

743 

856 

962 

1070 

1170 

1270 

1363 

6oi 

9950ii50i'i3004i45ii 

1 5949, 1 73  83 '18768 

i8| 

767 

883 

992 

1104 

1207 

1311 

1407 

6oi 

10038 

11601  13 118  14639 

1608917536:18932 

20} 

915 

1055 

1186 

1319 

1445 

1569 

1686 

62i 

10658 

123 19  I393I  15546,17088  18625 i20II0| 

20i  1 

942  1085 

1221 

1357 

1487 

1615 

1735 

62i 

10749  12424' 14049  15678,17233  18783  20280 

22} 

113s  1309 

1473 

1639 

1796 

1952 

2099 

64i 

11391  13166,14890116617  18266  19909  21498 

22i 

1 165  1342 

1511 

1682 

1843 

2003 

2153 

644 

11485  I3274|i50i2  16753 

18416,20073  21675 

24i ; 

1379  1591 

1792 

1995 

2187 

2377 

2558 

661 

12148  1404215881  17724 

19483  21237  22934 

Itl     ' 

1412  1628 

1834 

2042 

2239 

2434 

2618 

66i 

12245 

I4153  16007!  17864' 19638,21406  23 1 16 

1648 

1901 

2143 

2386 

2617 

2846 

3063 

68i 

12929 

14945  16904  1 8866' 20739  22608  24415 

26i 

1684 

1942 

2189 

2438 

2674 

2908 

3129 

68} 

13029 

15060' 17034. 19011  208992278224603 

28i 

1941 

2240 

2526 

2813 

3086 

3357 

3615 

7oi 

13734 

158771795812004422035124021,25943 

28I  1 

1980 

2284 

2576 

2869 

3148 

3424 

3687 

704 

13837  15996  i8o93|20i94| 

22200I 2420 1  26137 

3oi  1 

2259 

2607 

2941 

3276 

3595 

3912 

4214 

72i 

14564  16837 

19045:21258 

23371  25478  27518 

3oi 

2301  2655 

2995 

3337 

3661 

3984  1  4291 1 

724 

14670  16959  19183  2i4i2'23540i25663 '27717 

Mi 

sment  of  In< 

srtia  0 

fNct< 

Area  = 

=  Tabular  Value  X  1 

Met  Area  -^  Gross  Area  (approx.). 

83 


TABLE  H,^  Continued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 
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Z9.00 

az.34 

23-44 

25.60 

27.76 

29.88 

3«.9« 

/.oo 

d" 
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2369 

2537 

2699 

2862 

3010 

22} 

1 30s 

1505 

1699 

1890 

2077 

2253 

2432 

2606 

2772 

2939 

3091 

24i 

1552 

1790 

2021 

2250 

2473 

2685 

2899 

3107 

3306 

3507 

3691 

24i 

1589 

1832 

2070 

2304 

2533 

2749 

2969 

3183 

3387 

3592 

3781 

26i 

i860 

2146 

2425 

2701 

2970 

3226 

3485 

3736 

3977 

4220 

4443 

26} 

1901 

2193 

2479 

2760 

3035 

3^97 

3562 

3819 

4066 

4314 

4543 

28i 

2198 

2536 

2868 

3195 

3513 

3818 

4126 

4424 

4711 

5001 

5268 

28} 

2242 

2587 

2925 

3259 

3585 

3895 

4210 

4516 

4808 

5103 

5376 

3oi 

2564 

2960 

3348 

3730 

4104 

4461 

4822 

5173 

5510 

5850 

6165 

30} 

2612 

301S 

3410 

3800 

4181 

4545 

4913 

5272 

5614 

5961 

6282 

32i 

2959 

3417 

3866 

4309 

4741 

5156 

5574 

5981 

6372 

6767 

7134 

32} 

301 1 

3476 

3933 

4384 

4824 

5246 

5672 

6087 

6484 

6886 

7260 

34l 

3383 

3907 

4422 

4930 

5425 

5901 

6382 

6849 

7298 

7752 

8174 

34i 

3439 

3971 

4494 

5010 

554 

5998 

6486 

6963 

7418 

7880 

8310 

36I 

3836 

4431 

5016 

5593 

6156 

6698 

7245 

7777 

8288 

8805 

9287 

36} 

389s 

4499 

5093 

5679 

6251 

6801 

7356 

7898 

8416 

8941 

9431 

38i 

4318 

4988 

5648 

6299 

6934 

7546 

8163 

8764 

9341 

9926 

10472 

38} 

4381 

5060 

5730 

6390 

7035 

7656 

8282 

8893 

9478 

10071 

10625 

40J 

4829 

5579 

6318 

7047 

7759 

8446 

9137 

9812 

10459 

11115 

1 1729 

40} 

4895 

5655 

6405 

7143 

7866 

8562 

9263 

9948 

10603 

11268 

11891 

42i 

5369 

6203 

7026 

7838 

8631 

9396 

10167 

10919 

1 1640 

12372 

13058 

42} 

5438 

6283 

7118 

7940 

8743 

9519 

10300 

11062 

11793 

12534 

13229 

44i 

5937 

6861 

7773 

8671 

9550 

10398 

11252 

12085 

12885 

13697 

14458 

44i 

6010 

6945 

7868 

8778 

9668 

10527 

1 1 392 

12237 

13046 

13867 

14638 

46i 

6535 

7552 

8557 

9547 

10515 

11451 

12393 

13312 

14194 

15090 

15931 

46i 

6611 

7640 

8657 

9659 

10639 

1 1 586 

12539 

13471 

14363  1 

15269 

16120 

48  i 

7161 

8276 

9379 

10465 

11527 

12555 

13589 

14598 

15567 

16551 

17476 

48} 

7241 

8369 

9484 

10583 

1 1657 

12697 

^742 

14764 

15744 

16738 

17674 

Soi 

7816 

9034 

10239 

1 1426 

12587 

13710 

14841 

15944 

17004 

18080 

19093 

SO} 

7900 

9131 

10349 

1 1549 

12722 

13858 

1 5001 

16118 

17189 

18275 

19300 

S2i 

8500 

9826 

11137 

12429 

13693 

14917 

16148 

17350 

18505 

19677 

20781 

52} 

8588 

9927 

11252 

12557 

13834 

15071 

163 15 

17531 

18697 

1988 1 

20997 

\ 

loment 

of  Incrti. 

I  of  Net 

Area  = 

Tabular  Value  X 

Net  Are 

a  -f-  Gro 

ss  Area  1 

[approx.) 

• 
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TABLE  Z\,—  C(mUnued. 

Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X. 

Short  Legs  Turned  Out. 


Moments  of  Inertia 
of  Four  Angles, 
Axis  X-X. 
Sbort  Legs  Turned  Out. 


T""! 


4 


JL_.i 


For  Distances 

Measured 

from 

Back  to  Back. 


Size. 


6"  X  4".  Short  Legs  Turned  Out. 


Thick. 


Area  4[s 


|// 


«4.44 


A" 

i" 

A" 

f" 

U" 

!" 

\r 

i" 

ir 

16.7a 

Z9.00 

ax. 34 

a3-44 

35.60 

37.76 

39.88 

31.93 

34-00 

,n 


36.00 


I" 


Moments  of  Inertia  About  Axis  X-X  for  Various  Distances  Back  to  Back  of  Angles,  In.^. 


// 


54 
54 
56 
56 

58 

6oi 
60 

62 
62 
64 
64 

66 
66 
68 
68 

70 
7oi 
72 
72 

74 
76 

78 
80 

82 

84 
86 

88 

90 
92 

94 
96 

98 
looi 
102 
104 

106 
108 
no 

112 


9213 
9304 

9955 
10049 

0725 
0824 
1525 
1627 

2353 
2459 
3211 

3320 

4097 
4210 
5012 
5128 

5956 
6076 
6929 
7052 

8058 
9092 

20155 
21247 

22368 
23517 
24696 
25903 

27140 
28405 
29699 
31022 

32374 

33755 
35164 

36603 

38070 
39566 
41092 
42646 


0650 
0756 
1509 
1618 

2400 
2514 

3325 
3443 

4284 
4406 
5276 
5402 

6301 
6432 
7360 

7495 

8453 
8591 

9578 
9721 

20885 
22082 
23312 
24576 

25873 
27203 

28567 

29965 

3^96 
32860 

34358 
35889 

37454 
39052 
40683 

42348 
44047 

45779 
47544 
49343 


2073 
2193 

3047 
3172 

4059 
4189 

5  no 

5244 

6198 
6336 

7324 
7467 

8488 
8636 
9690 
9843 

20930 
21088 
22208 
22371 

23692 
25051 

26447 
27882 

29355 
30866 

32415 
34002 

35627 
37290 
38990 

40729 

42506 
44321 
46174 
48065 

49994 
51961 

53966 

56008 


13475 
13608 

14563 
14701 

15693 

15837 
16866 

17016 

18082 
18237 
19340 
19500 

20641 
20806 
21984 
22154 

23369 

23545 
24797 
24978 

26454 
27972 

29533 
31136 

32782 

34470 
36201 

37974 

39789 
41647 

43548 

45491 

47476 

49504 

51575 
53688 


14846 

14993 
16046 

16199 

17292 

17452 
18586 
1875 1 

19927 
20097 
21314 
21491 

22748 
22931 
24229 
24418 

25758 
25952 
27332 

27533 
29160 
30835 
32556 
34325 

36140 
38002 

39911 
41867 

43869 

45919 
48015 

50159 

52349 
54586 

56870 

59201 


16175 

16335 
17484 

1765 1 

18844 
19016 
20255 

20434 

21718 
21903 
23231 

23423 

24796 

24994 
26412 

26617 

28080 
28291 

29798 
30016 

31792 

33619 
35498 

37427 

39408 
41440 

43524 
45658 

47844 
50081 
52369 
54708 

57099 

59541 
62034 

64578 


55843  I  61579  67173 
58041   64003   69820 


60282 
62564 


66475  '  72517 

68993  !  75267 


17511 
17685 
18929 
191 10 

20403 
20591 
21932 
22127 

23517 
23719 

25157 
25366 

26853 
27069 
28604 
28827 

30411 
30641 

32274 

32510 

34435 
36416 

38452 

40543 

42690 
44892 
47150 

49464 

51833 
54258 
56738 

59273 

61864 
645 II 
67213 
69971 

72784 
75653 
78577 
81557 


18816 
19004 
20341 

20537 

21926 
22130 

23571 
23782 

25276 

25494 
27040 

27266 

28C65 
29098 

30748 
30989 

32692 

32940 
34696 

34951 

37022 
39152 

41343 
43593 

45902 
48272 
50701 
53190 

55739 

58347 
61016 

63744 

66531 
69379 
72286 

75253 

78280 
81367 
84513 
87719 


20069 
20269 
21697 
21906 

23389 
23606 

25145 
25370 

26965 
27197 
28849 
29089 

30796 
31045 
32807 
33064 

34882 
35147 


48986 
51516 
54110 
56768 

59489 
62275 
65124 
68037 

71014 

74054 

77159 
80327 

83560 
86856 
90216 

93639 


21342 

21554 

23075 
23296 

24876 
25105 

26744 
26983 

28681 
28928 
30686 

30942 

32759 
33023 

34900 
35173 

37109 
37390 


37021  I  39386 
37294  i  39676 


39505 
41780 

44118 

46520 


42029 
44451 


52123 
54817 

57578 
60408 

63305 
66271 

69304 
72406 

75575 
78812 

82118 

85491 

88933 
92442 

96020 

99665 


22542 
22767 

24375 
24609 

26280 
26523 
28256 
28509 

30305 
30566 

32426 

32696 

34619 
34898 
36883 
37172 

39220 

39517 
41629 

41935 

44425 
46987 


46940  49620 
49498  52326 


55104 

57954 
60875 

63869 

66935 

!  70073 
'  73282 

76564 

79918 

83344 
86841 

9041 1 

94053 

97767 

101553 
105410 


Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  -5-  Gross  Area  (approx.). 


85 


Momnil.  of  In 

ntU 

ir 

■■■>■ 

For  D<tU 

i^ti 

e>, 

a 

K.  \ 

™m 

«l 

Sbgn  Lcsa  Tun 

tdOul. 

B«cku.B.cli. 

UODCIIU 

oflMTli. 

j^ 

....i. 

r 

X  6".  Short  Ugi  Turn 

td  Out. 

~ 

(1" 

I" 

H" 

r 

ir 

36.60 

39-7« 

4J.M 

4V9' 

stA 

d" 

Aboul~Air 

x-x  r«  V 

iriooiDiHi 

mce.B>Qk 

u.  B«k  of  Angla.  In.* 

16. 

" 

9SS 

1079 

1197 

1314 

1429 

1541 

1645 

1750 

18S4 

19S4 

18 

1114 

1373 

1514 

167s 

1811 

1967 

1103 

II3B 

2373 

1503 

t6 

"54 

1418 

"575 

1731 

1883 

2033 

l^ 

2314 

2454 

2588 

1SS4 

17S9 

19SS 

11  so 

2341 

ISIQ 

i88j 

3059 

3119 

1600 

1811 

»I3 

1215 

1411 

160s 

178B 

2970 

3152 

3327 

31 

1941 

1100 

2447 

1691 

2933 

3170 

3395 

3619 

3842 

4058 

1994 

11S9 

JSii 

1765 

3011 

3156 

3488 

3717 

3947 

4'69 

i* 

1377 

1694 

2999 

3301 

3SQ8 

3891 

4170 

+H7 

4724 

4991 

»4 

H3S 

1760 

3071 

3382 

j686 

3987 

4273 

4557 

4841 

S"S 

ifr 

i860 

3243 

'ij' 

397' 

4336 

4692 

S031 

5366 

5703 

6029 

26 

1914 

3315 

3692 

4066 

4433 

4797 

S144 

5488 

5833 

6166 

18 

3390 

3845 

4284 

4720 

5 147 

SS72 

5977 

6378 

6781 

7170 

iB 

3460 

3914 

4371 

481B 

5254 

5687 

6101 

6511 

6923 

7320 

30 

3968 

4SOI 

S017 

SS30 

6031 

6531 

7009 

?a^ 

7956 

8416 

30. 

4043 

4587 

S'I3 

5635 

6148 

66,6 

7144 

8110 

8579 

3* 

4S93 

Siu 

581 1 

6406 

6990 

7S70 

8127 

8677 

9130 

976s 

32 

4674 

5304 

5914 

6510 

7115 

7705 

B173 

88J3 

9396 

9941 

34 

S26s 

1?'^ 

^ 

7349 

8021 

8688 

9331 

9964 

10601 

111(8 

S 

S3S3 

607s 

6776 

7471 

81SS 

» 

10131 

10780 

11407 

S98S 

6794 

7580 

8360 

9"S 

11343 

11071 

12776 

j6l 

6078 

6900 

7698 

8491 

9268 

10041 

10787 

1.522 

11161 

12978 

38 

67S» 

7667 

8555 

9437 

10303 

11164 

11995 

12814 

13639 

14+37 

38 

68si 

77B0 

B681 

957° 

104SS 

11329 

12173 

13004 

13841 

14651 

40 

7567 

8S93 

9S9I 

lOjSl 

1ISS3 

X 

14376 

15304 

16103 

40 

767J 

8713 

9725 

1071S 

11715 

Ii6^ 

14578 

15519 

16431 

41 

8419 

9S73 

10687 

11791 

12877 

I39S7 

15003 

16031 

17068 

18071 

42 

8540 

9700 

10818 

1194B 

13048 

14'43 

15101 

161+4 

17295 

18313 

9339 

10608 

11844 

13069 

14274 

15473 

16635 

17777 

1S919 

1004! 

44 

94S6 

10741 

1 1993 

13234 

14454 

15668 

16845 

18002 

19169 

10199 

46 

10196 

1.696 

IJ061 

14414 

15744 

17069 

18354 

1961 5 

10889 

12113 

46. 

10419 

m8j6 

13117 

14587 

15933 

17274 

18574 

19852 

21140 

22390 

48 

1 1 301 

I18J9 

14339 

15825 

1728S 

18744 

20.58 

2IS4S 

11946 

24304 

48 

1 1430 

.298S 

14502 

16007 

17486 

18959 

10389 

11793 

23210 

24584 

SO 

"353 

1403s 

15677 

17304 

18904 

20499 

11047 

23567 

25102 

26590 

SO 

11487 

14188 

1584S 

17493 

19111 

20734 

11190 

13817 

25378 

26883 

52 

l34Si 

15285 

1707s 

18849 

10504 

22333 

24023 

15681 

273SS 

28979 

Si 

nS93 

'S44S 

17254 

19047 

20810 

11568 

24277 

25952 

27644 

19285 

S4 

I4S99 

16590 

18534 

^7 

22357 

14146 

16084 

27887 

29707 

31472 

It 

14746 

■6757 

18711 

22583 

24491 

16349 

1S169 

30007 

3 '791 

IS79] 

1794S 

20054 

11140 

14193 

26240 

28131 

30184 

32156 

34070 

S6 

15946 

18111 

20248 

213SS 

14428 

26494 

18J06 

30478 

32469 

34402 

Moment  c 

f  Inertia 

of  Net 

\rea-T 

buUr  Va 

ue  X  Ne 

Are«  + 

Gross  Are 

(ipproi 

)- 

TABLE  35. 


MoMENts  OF  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  Y-Y. 

3 


Moments  of  Inertia 

of  Four  Angles, 

Axis  Y-Y, 

Equal  Legs. 


r 


=0 


For  Distances 

Measured 

from 

Back  to  Back. 


o  8 

.2ff 


In. 


2X2XA 

i 


u 


■■t 


3X3x} 


«< 


« 


(I 


Area. 

Four 

Angles. 

Distance  Back 

to  Back  in 

[nchei 

u 

In.« 

.  0 

2.5 

2.6 

1 

2.8 

3.1 

1 

3-4 

! 

3.7 

2.84 

2.1 

3.76 

2.7 

3.3 

3-5 

3-7 

4.1 

4-5 

4-9 

4.60 

3.4 

4.2 

4-4 

4.6 

?•' 

5.6 

6.1 

5.44 

4.2 

51 

S-3 

5.5 

6.2 

6.7 

7.3 

5.76 

9.0 

10.3 

10.7 

II.O 

11.8 

12.6 

13.S 

7.12 

II.4 

13. 1 

13.S 

14.0 

15.0 

16.0 

17.1 

8.44 

13.7 

157 

16.3 

16.8 

18.0 

19.2 

20.6 

9.72 

16.0 

18.4 

19.0 

19.7 

21.0 

22.5 

24.0 

II.CX) 

18.4 

21. 1 

21.9 

22.6 

24.2 

25.9 

27.6 

12.24  '  20.8 

23.8 

24.7 

25.6 

27.4 

29.2 

31.2 

1344 

23.3 

26.S 

27.5 

28.5 

30.5 

32.5 

351 

•8  8 


i 


5  be 

■^5 


Distance  Back  to  Back  in  Inches. 


39.0141.3 
44.1  I46.7 
49.1    C2.0 


Distance  Back  to  Back  of  Angles  in  Inches. 


tl 


'i 


146.2 
170.7 

195-3 
221. 1 

246.1 

266.7 

297.9 

3487 
400.0 

429.4 
483.2 

537-4 

591.7 
648.7 

758.1 
871.8 
983.1 


151.0 
176.5 
201.8 

228.5 

2544 

275-7 
307.9 

360.3 

413.5 
440.2 

495-4 
551.0 

606.6 

665.1 

777.3 
894.1 

1008.3 


Radii  of  Gyration  about  Axis  Y-Y,  same  as  given  in  table  of  Radii  of  Gyration  of  Two  Angles. 
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TABLE  37. 
'  Inertia  of  Foce  Angles  with  Unequal  Legs,  Axis  Y-Y. 
Shobt  Legs  Out. 


II 

m 

Dbus 

« 

Bukto 

Bukl 

1 

U_ 

iit 

Diuucf  Bick  to 

Id. 

In.l 

0 

i 

~A~ 

1 

3.0 

t        1 

3-3    3-7 

5 

In.' 

5.14 

-    1    i 
S,2  1    6.2 

A  j    1 

6-5    6.7 

_L|_!_'_L 

7-3,   7-91    8-6 

.ip.A 

3.14 

To 

*.s 

2.6 

1-7 

4,14 

1-7 

3-4 

3-5 

3-7 

4.6    s-o 

1^ 

648 

6.6    7.8 

8.1  1  8.5 

9.1 1  10-0    10.8 

"   t 

5.24 

3  4 

4-3 

4-5 

4-7 

s'.i 

5.8    6,4 

7.68 

8.0    9.5 

9.9,10,3 

11.2111.1,  11.: 

6.20 

4-1 

S-» 

S-4 

5-7 

6.J 

7.0,  7-7 

i^ 

8.S8 

9.5, 11-2 'Ii.7ii2.2'i3,2li4.4l  15.6 

"  A 

7-11 

4-8 

6.1 

6.4 

6,7 

7.5 

8.1    9.1 

to.00 

10,8  13.9  I3.4|l4.0|is.2  16.S     17.9 

3i"(il 

S-76 

S-i 

6.2 

6.S 

6,8 

7-4 

8.0    8,7 

ii3il 

6.14 

9.o'lo-4'i0.7  11.1   11,9    12.7    ni 

"t 

7-11 

6.6 

7.9 

lit 

8.6 

9.4]io.2iii.o 

■■t 

7.71 

114  13.1.13.5:14.0  15.0   16.0,  17.1 

8-44 

8.0 

9.6 

10.4 

11.3   11-3113.4 

9.20 

13.8I15.8  16.3  ;i6.9  18.1    i9.4!2ag 

::i' 

9-7' 

9-4 

11.7 

13.3 '14.5115,7 

'.'.  A  10.60 

i6.o;iB4li9.i!i9.8  21.2,22.7    14-3 

10.8 

12.9 

13-5 

14,1 

15.4 

16.7  18.2 

18.6  121-4  [22,2    23.0    24.6     264  '  28.2 

Wll 

6.76 

9-1 

lo-S 

10.9 

11.3 

12.1 

12,9  13.8  5i3iA[  9.6o'ii,3   13-1  !'3-7 '14.2  15-3  1  16-S  '  i7-7  | 

8.j6 

131 

13.6 

14. 1 

15.1 

16.2  17.4 

"   i    11.44  13.6:16.0, i6.6!:7.2!i8.s '19.9  1  214 

9.92 

15.8 

16.4 

17.0 

18.2 

19,5  20.9 

"   A '3-14  16.1  I19-0, 19-7  10-4  11-0,23.7,  154 
"    i  ,is.ooli8.5  21.8  22,6,23.5  25,3    17.3 '19-3 

"  i* 

11.48 

18.S 

19.2 

19,9 

21.4 

22,9  24,6 

13.00 

18.6 

ii-S 

21.3 

23-1 

24.8 

26.7  28.6 

"    A:i6.7i!ii-o  14-7. 15.7, 16.7 1*8.7,30.9    3J,J 

;;  A  14,8 

24.4 

15.3 

26.2 

j8,2 

30-2  [324 

"    1    18,44  Ii3.8  ,18.0  29.1 130.2 132.6   35-1  1  37-7 

15.92  23.6 

27.1 

28.1 

29.3 

Ji-S 

33,7  ^36-1 

"   H,io.i2j264  31.1  32,3  33.6  36.2  ]  39^  1  41.B 

11 

14 

Diiludc  Back  Id  Buk  oT  Anffln  In  Isdm. 

In, 

In.' 

^1  _» 

A_  !_ 

J_ 

A 

i 

A    .     1 

1 

»    1    '    1   "    _1L 

SijiiA'i<:>-i4!  18.   '  20.4 

21.7 

22.4 

23,0 

13-7  1  24-S 

26.0 

'  _.__ _. 

t  *  l;^-j°'  "■'' 

24-6 

25.3 

26,1 

16,9 

27.8 

28.6    29,5 

31-3 

"  r  16.00 

iS-S 

18.8 

19-7 

30.6 

^'A 

31.5 

33,6    34.6 

36.8 

29.4 

33-3 

34-4 

35.5 

36.6 

377 

38.9    40.1 

41-6 

'■■   A  17-88 
"    I    19-68 

33.3 

37-7 

38.9 

40.1 

41.4 

42.7 

44.0    45.4 

48.3 

37.1 

42,1 

43-4'  44-8 

46.2 

47.7 

49.J    50.7 

53-9 

::  i*^'-*^ 
J  23.24 

41.0  ■  46.6 

48.0,  49.6 

51.2 

52.8 

54-4    56.1 

S9.7 

.., 1 

4S-4|  SI -6 

53.3 

SS.O 

56.7 

58,5 

60.4 

62.1 

66.1 

-     

61411 11444 

31.4,  36.0 

37,0 

38,0 

39.0 

40,0 

41-1 

42.1 

44.6 



'  i 

"    A,  16-71 
2   i  1 19-00 

37.8     4^-1     43.1 

44-4 

4S.6 

46,9 

48,2 

49-5 

51.1 

43-7     48.7,  SO-o 

51.4 

51.8 

54.3 

SS.8 

573 

60.5 

V21.24 

49.3     SS.o:  56.5;  58.1 

59-7 

61,4 

63.. 

64.8 

68-4 

! 23.44 

54-91  61.3,  63.1     64.8 

66.6 

68,5 

70.4 

71.3 

764 

liS-6o 

6i,j    68,4!  70.5     72.3 

74.3 

76.4 

78,5 

80,7 

85.1 

]27.76 

67.1     7S.O|  77-1     79-3 

81.5 

83.8 

86.2 

88,5 

93-5 



11.92 

78.9!  88,;     91-0'  93.6    96-1 

98.9 

101.7 

104.5 

110.3 

'■        |]6.oo 

92,1   103.4  106.3   109.3   'iM 

11S.6 

1.8.8 

128,9 

8161A  13-72 

126.9   ....... 

140.6  143.0 

145.5 

\&\ 

150.7 

156.0 

161.5 1 167.1 

173-0  w 

198.3  ,  105.1 

^1    )  !27.cioli4S.i| 

160,9.163.7  166,6 

171.5 

178.6 

184.9  1 191.S 

\  30.14  164.2  1 

182.3  iSs-S  188.8.191.1 

195.5 

202,5 

209.7  1  117-1 

114.8    131-7 

133.44  182.6  

lai.B  106.4  210,1)213,8 

217-6 

233.5    141-8 

1504    259.1 

H6.6o'ioi.o  ..._... 

,„-... '223.5  227-4  131-SU35.6 

239.8 

248I 

1574    266-5 
J81-6    291.7 

276-0 ;  iSj-s 

139.76  219,6  

P44.3  148.7  ii53.i  157.7 

262.3 

271.8 

jw.i     3'i-7 

4S-9Z  258,5   

'187-8  293-0  298-1  303,7 

309-1 

3204 

331.9    343.9  ,  356.1  ,3M-»| 

"     1   ^52.00,296.7;  1 330.7  336.7 ;342-8|349-0 

3SS-4 

J81.7     39S.S  1409-614143 

Radii  of  Gyration  about  Axis  Y-Y,  sirae  at  given  in  Tabic  of  Radii  of  Gyratbn 

0 

TwoAngte.  1    1 

Long  Legs  Out. 
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n 
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r 

II 

1^1 

H 

Aa.y-y. 
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1 
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375     3.77    3.79 

3.82 

,.86 

3.91 

3.96 

4.01     4-05 

J.60 

373 

3.76     378     3.80 

3.82 

J.87 
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Moments  of  Inertia  about  Axil  Y-Y  equal  one-half  of  vaiue.  given  in  Table  of  Moment*  of 

Inertia  of  Four  Angles,  Table  36. 

TABLE  41 
Safe  Loads  of  Single  Angle  Struts 

Equal  Leg  Angles 
American  Bridge  Company  Standards 


8s 


Safe  loads  in  thousanda  of  pounds  for  least 
radius  of  gyration 

p  -  16,000  —  70 1/r 


\ 


\. 


To  left  of  heavy  line  values  of  l/r  do  not 

exceed  125 
To  right  of  heavy  line  values  of  l/r  do  not 

exceed  150 


Size        Thickness 


Inches 


iJXiJ 
llXll 

2   X2 
2JX2I 

3  X3 


3lX3i 


4  X4 


5  XS 


6  X6 


Inches 


5 
7 

7 

9 
II 

10 

13 
16 


4 
5 


5 
7 
8 

8 
II 

13 


17 

IS 

13 

21 

18 

16 

25 

22 

18 

28 

25 

21 

26 

23 

21 

31 

28 

25 

35 

32 

28 

31 

28 

26 

37 

34 

31 

42 

39 

35 

48 

44 

40 

49 

46 

42 

S6 

53 

49 

64 

60 

56 

71 

67 

62 

60 

57 

54 

70 

H 

63 

80 

76 

72 

89 

85 

80 

98 

93 

89 

7 

9 
II 


Length  in  Feet 


5 
7 
8 


II 

13 

15 
18 

18 
22 

25 

23 
27 
32 
36 

39 
45 

52 
58 

51 
59 

67 
75 
83 


9 
II 

12 
H 


16 

19 
21 

21 

24 
28 

32 

36 
42 
47 
53 

56 
63 

71 
78 


16 

18 


18 
21 

24 
28 

33 
38 

43 
48 

45 
52 

59 
66 

73 


15 
18 

21 
24 


10 


30 
35 
39 
44 

42 

49 

55 
62 

68 


27 
31 
35 
39 

39 
45 
51 
57 
63 


XX 


24 
27 
31 

35 


X2 


X3 


14 


IS 


21 
24 

27  ! 
30  i 


36 

33 

42 

38 

47 

43 

53 

48 

58 

53 

30 

34 
39 
43 
48 


27 
31 
35 
39 
43 


Note:  The  values  in  this  table  have  been  calculated  on  the  assumption  that  the  angle  is  fas- 
tened by  both  legs. — M.  S.  K. 
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TABLE  43 

Safe  Loads  of  Two  Angle  Struts,  Axis  i-i 
Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


Safe  loads  in  thotuand&  of  pounds  with 
respect  to  axis  x-i 

p  —  x6,ooo  —  70  1/r 


I 


X-H" 


To  left  of  heavy  line  values  of  1/r  do  not 

exceed  125 
To  right  of  heavy  line  values  of  1/r  do  not 

exceed  150 


Size 

of 

Angles 


2  X2 

2iX2 

2jX2§ 

3  X2 

3  X2j 
3  X3 


3iX2j 


3JX3 


3JX3i 


4  X3 


e 
u 


In.   '  In. 


i 


i 

A 


i 

A 
i 

i 

A 
i 

A 

h 

i 
A 

i 

A 
i 

A 
h 

A 
I 

A 

J 

A 
i 

A 
i 
A 


So 


In. 


98 
99 

24 

25 
26 

19 

20 

52 
S3 

55 

45 
46 

48 

39 
40 

41 
42 

44 

71 

73 
74 
76 

77 

66 

67 
69 

70 

60 
61 
63 

64 

93 

94 

95 
96 

97 
99 


§8 

II 


Lb. 


5.0 
6.4 

5.6 

7.4 
9.0 

8.2 

lO.O 

8.2 

lO.O 

II.8 

9.0 
11.2 
132 

9.8 
12.2 
14.4 
16.6 

18.8 

9.8 

12.2 
14.4 
16.6 
18.8 

13.2 
15.8 
18.2 
20.4 

14.4 
17.0 
19.6 

22.2 

14.4 
17.0 
19.6 
22.2 
24.8 
27.2 


"I 


I 


ln.» 


1.44 
1.88 

1.62 

2.12 
2.62 

2.38 
2.94 

2.38 
2.94 

3.46 

2.62 
3.24 
3.84 

2.88 
3.56 
4.22 
4.86 

5.50 

2.88 

3.56 
4.22 
4.86 

5-50 

3.86 
4.60 

530 
6.00 

4.18 
4.96 

5-74 
6.50 

4.18 
4.96 

5.74 
6.50 

7.24 


16 
21 

19 

25 
32 

28 
35 

30 
37 
44 

33 
41 
48 

36 

44 

52 
61 

69 

38 

47 

55 
64 

72 

50 
60 

69 

78 

54 
64 

74 

84 

56 
66 

77 
87 
97 


7.96  107 


Length  in  Feet 


14 
19 

18 

24 
30 

26 
33 

29 
36 

42 

31 
39 
46 

34 
42 

50 
58 

66 

36 

45 

53 
62 

70 

48 

57 
66 

75 

52 
61 

71 
81 

54 

64 

75 

85 

94 
104 


8 


13 

17 

17 

23 
28 

25 
31 

27 
34 
40 

30 
37 
44 

32 
40 

47 
55 
62 

35 

43 
51 
59 
67 

46 

55 
64 

72 

49 

59 
68 

77 

52 
62 

72 
82 

91 
100 


12 
16 

16 

21 
26 

23 
29 

26 
33 
38 

28 

35 
42 

30 

38 

45 
52 

59 

33 

41 
49 
57 
65 

44 

53 
61 

69 

47 
56 
65 

74 

51 
60 

70 

79 
88 

97 


zo 


II 
H 


II  '  12 


25 

21 
26 

25 
31 

37 

27 

33 
40 

29 
36 

42 

49 

56 

32 
40 

47 

55 
62 

42 

50 
58 
66 

45 

53 
62 

71 

49 
58 
67 
76 

85 


9   8 
13  I  II 


IS  14 

20  18 


23 

20 
24 

24 
29 

35 

25 
31 
37 

27 

33 
40 

46 
53 

31 

38 

45 
52 
59 

40 

48 

56 
63 

43 
51 
59 

67 

47 
56 

65 

73 
82 

94  90 


13 

17 
21 

18 
22 

22 
28 

33 

24 
29 
35 

25 
31 
37 
43 

49 

29 

36 

43 
50 

57 

38 
46 

S3 
60 

41 

48 

56 
64 

45 

54 
62 

71 
79 
87 


13  !  14  '  IS 


12 


15 
19 


16 
20 


21 
26 

31 

22 
28 

33 

23 

29 

35 
40 

46 

28 

34 
41 
48 
54 

36 

44 
50 
58 

38 
46 

53 
61 

43 

51 
60 

68 

76 

84 


II 

18 

15 
18 


13 
16 


16 


20 
25 
29 

21 
26 

31 

22 

27 
32 
38 

43 

26 

33 
39 
45 
51 

34 
41 
48 
54 

36 
43 
50 

57 

41 

49 

57 

65 

73 
80 


18 
23 
27 

19 

24 
29 


35  132 
40]  37 


20 

25 
30 


x6  17 


17 

21 


16 

20 


25)23 


18 
22 
27 

18 

23 
27 


25 
31 

37 
43 
49 

32 
39 
45 
52 

34 
41 

47 

54 

40 
47 

55 
62 

70 

77 


23 

29 
35 
41 
46 

30 

37 
42 
49 

32 
38 
45 

51 

38 

45 

52 
59 
67 
74 


16 
20 

24 

17 
21 

25 
29 

33 


22 

28 

33 
38 

44 

28 

34 
40 

46 


18 


30 
35 
4i 


47 

36 
43 

56 

64 
70 


H 

18 

22 

15 

18 

22 


30 


19 


26 


31 
36 

41 


27 
32 
37 
43 


33 
39 

44 


34 

41 

47 

54 
61 

^7 


17 

20 


21  19 

24 


29 
34 
38 

25 
30 

34 
40 


27  25 


30 
36 

40 


20 


21   22 


18 

22 

27 
31 
36 

23 
27 
32 


16 
21 

25 
29 

33 


29 


37  34 


23 

28 

33 
37 


32 
39 
45 
51 
57 
64 


30 

36 

42 

48 

54 
60 


29 

34 
40 

45 
51 

57 


27 
31 


23  24 


27 
32 
37 
43 
48 
53 


25 
30 

35 
40 
45 
50 


23 
28 

3* 
37 
42 
47 


96 


TABLE  44 

Safe  Loads  of  Two  Angle  Struts,  Axis  2-2 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


Safe  loads  in  thousands  of  pounds  with 
respect  to  axis  2-3 

p  -  x6,ooo  —  70 1/r 


I 


^- 


To  left  of  heavy  line  values  of  l/r  do  not 

exceed  125 
To  right  of  heavy  line  values  of  l/r  do  not 

exceed  150 


Section 
Modulus 

Radius  of 
Gyration 

^        Weight  of 
S*      Two  Angles 
per  Foot 

-1 

h 

In.> 

1 

A 

In. 

St 

ri 

In. 

ri 
In. 

In.« 

Length  in  Feet 


8 


10 


iz 


la 


13 


14 


2"  X  2"  Angles 


.38 
•50 


.62 
.61 


.98 
.99 


5.0 
6.4 


1.44 

1.88 


A 

i 


17 
22 


15 

20 


13 

17 


II 
15 


9 
12 


2i"X2"  Angles 


40 
.50 
.62 


.80 
.96 


.60 

•59 
.58 


1.24 

5.6 

1.62 

A 

19 

17 

15 

1.25 

7.4 

2.12 

A 

25 

22 

19 

1.26 

9.0 

2.62 

31 

27 

23 

12 
16 

19 


10 
13 

IS 


2  J"  X2  J"  Angles 


.77 
.76 


1. 19 

1.20 


.8.2 
1 0.0 


2.38 
2.94 


i 

A 


30 
37 


28 
34 


25 
31 


22 

28 


20 

2± 


LI 


21 


15 

18 


3"  X2"  Angles 


.50 
.64 

.74 


.57 

•57 
.56 


1.52 
1.53 
1.55 


8.2 

lO.O 

11.8 


2.38 
2.94 
3.46 


28 

34 
40 


24 
30 

35 


21 

25 
29 


17 
21 

24 


14 

17 

i2. 


3"  X2j"  Angles 


.80 

.98 

1. 16 


.75 
.74 
.74 


1.46 
1.48 


9.0 
II.2 

132 


2.62 

3.H 
3.84 


33 

41 

48 


30 
37 
44 


27 

33 
40 


24 
30 

35 


21 
26 

31 


18 
22 


16 

19 

22 


3"  X3"  Angles 


1. 16 
1.42 
T.66 
1.90 
2.14 


.93 

•92 

.91 
.91 

.90 


1.39 
1.40 
I.41 
1.42 

1-44 


9.8 
12.2 
14.4 
16.6 

18.8 


2.88 
3.56 
4.22 
4.86 
550 


1 


38 

56 
64 
73 


36 

44 
52 
60 

(^1 


33 

41 
48 

55 
62 


30 

37 
44 
50 
57 


28 

34 
40 

46 

52 


25 

31 
36 

42 
47 


22 
28 
32 
37 
42 


20 

24 
29 
33 
37 


17 
21 

25 
28 

32 


3*"  X2i"  Angles 


.82 
1. 00 
1. 18 

1.36 
1.52 


.74 
•73 
.72 
.71 
.70 


1.71 

1.73 

1.74 
1.76 

1.77 


9.8 
12.2 
14.4 
16.6 
18.8 


2.88 

3.56 
4.22 
4.86 
5.50 


A 
i 


36 

45 

53 
61 

68 


33 
41 

48 

55 
62 


30 
36 

43 
49 

55 


26 

32 
38 

43 
48 


23 
28 

33 
38 
42 


20 

24 
28 

32 
il 


17 

20 

23 


3i"X3"An8Je8 


1.44 
1.70 
1.96 
2.20 


.90 

1.66 

13.2 

3.86 

A 

51 

47 

44 

40 

37 

.90 

1.67 

15.8 

4.60 

X 

61 

t 

52 

48 

44 

.89 

1.69 

18.2    5.30 

70 

65 

60 

55 

50 

.88 

1.70 

20.4 

6.00 

4 

79 

73 

67 

62 

56 

33  29 

39  '  35 

45  ;  40 

50  44 


26 

31 
35 
39 


22 
26 
30 

33 
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TABLE  45 
Safb  Loads  of  Two  Angle  Struts 
Equal  Leg,  and  Unequal  Leg  with  Short  Leg  Turned  Out 
American  Bridge  Company  Standards 


indsfo 

(I 

«■  least 

G 
J— 

1 

1         , 

T 

1 

Safe  loads  in  thousands  of  poi 
radius  of  gyration 

p  -  z6,ooo  —  70  1, 

1 

0  left  of  heavy  line  values  of  l/r  do  not 
exceed  xas 

0  right  of  heavy  line  values  of  l/r  do  not 
exceed  150 

•33 

s« 

Radius  of 
Gyration 

'-8 

1 
In. 

Length  in  Feet 

ri 
In. 

Ft 

In. 

Lb.      In.> 

ln.« 

3 

4 

S 

6 

7 

8 

9 

xo 

XX 

12 

13 

14 

X  J"  XX  i"  Angles 

.21 
.27 

.78 
.79 

.46 

3.6 
4.8 

1.06 
1-38 

A 

i 

II 
14 

9 
12 

7 
9 

•           «         ■           ■ 

•          •        ■        • 

2"  X 1 1"  Angles 

.46 

,67 
.68 

.63 

4.2 

i;.4 

1.20 

i.«;6 

A 

14 
19 

13 

17 

II 

10 
12 

8 
10 

•     •    •    "    • 

.           •         •           • 

if'Xii"  Anglo 

■ 

.28 
.38 

.88 
.89 

•54 
•53 

4-4 
S.6 

1.24 
1.62 

A 

\ 

14 

18 

12 
16 

10 

8 
II 

•           •    •     *!   •      •     ■      • 

•           •        •        ■ 

2"  Xa"  Angles 

.38 
•50 

.98 
.99 

.62 
.61 

6.4 

1.44 
1.88 

A 

i 

17 
22 

15 
20 

13 
17 

II 
15 

9 
12 

>    •  ■  •  ■ 

■          •         •           • 

•          ■        ■        ■ 

2^X2"  Angles 

1 

.76 
•94 

.92 

•94 
•95 

.79 
.78 

.78 

5.6 

74 
9.0 

1.62 

2.13 
2.62 

A 

21 

27 
33 

19 

25 
31 

17 

23 
28 

16 
20 

25 

14 

18 

22 

12 
16 

19 

10 

13 
17 

■          ■        •          • 

•          «        ■        • 

2i"Xai"  Angle 

s 

.80 

.96 
1.14 

1.19 

1.20 
1. 21 

.77 
.76 
•75 

8.2 

lO.O 

11.8 

2.38 

2.94 
3.46 

i 

t 

30 

37 
44 

28 

34 
1  40 

25 
36 

22 
28 
32 

20 

24 

28 

17 

15 

18 
21 

•          •        •        ■ 

21 

24 

1 

1-     •     •     • 

•          •        •         • 

3"  Xa"  Angles 

1.08 
1.56 

.89 
.90 
•91 

.95 
.95 
•94 

8.2 
10.0 
11.8 

2.38 
2.94 
3.46 

1 

A 
i 

31 
46 

29 
36 

43 

27 

33 
39 

25 
36 

22 
28 

33 

20 

25 
30 

18 
22 

27 

16 
20 
23 

13 
17 

20 

■           •         •           ■ 

B          •        •         ■ 

3"  Xa*"  Angles 

1. 12 

1.38 
1.62 

1. 13 
1.14 
1. 16 

•95 
•94 
•93 

9.0 
11.2 
13.2 

2.62 
3.24 
3.84 

35 
43 
51 

33 
40 
48 

30 

37 
44 

28 

34 
41 

26 
32 

37 

23 
29 

34 

21 
26 

30 

19 
23 
27 

16 

20 

23 

1 

1.... 

•          •        •        • 

3"  X3"  Angles                                                                                   | 

1. 16 

i!66 
1.90 
2.14 

1.39 
1.40 

1. 41 

1.42 

1.44 

•93 
.92 

.91 

.91 

9.8 
12.2 

2.88 
3.56 
4.22 
4.86 
5.50 

i 
1 

98 

64 
73 

36 
44 

67 

33 
41 
48 

30 
37 
44 
51 
57 

28 
34 

46 

52 

25 

31 
36 

42 
47 

23 
28 

32 

37 

42 

20 

24 
29 

33 
37 

17 
21 

25 
28 

32 

.90  >  18.8 

X*' 
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Safe  Loads  of  Two  Angle  Struts 

Short  Leg  Tuknbd  Out 

American  Bridge  Cohpanv  Standards 


1 

S.f.  toad.  >.  U»«-nd.  ot^u^U.,^          ,^-*          ^"J^'.^^  ""  """  ^  '"  *"  "^ 

1 

S^ 

f^ 

? 

1 

1 

Gyntloo 

it 

'4 

Louth  In  Pxt 

s> 

r,   j   H 

In.' 

In.j  In. 

Lb. 

L... 

In. 

1  ^ <  1  s ie  7 1  s  1  •  |i>i»i»h];uiis|iti>ii»;„'»'>< 

4"X3"An,le.                                                                                      1 

i.27'i4.4!  4-ia  A 

1,26,17.0;  4-96  t 

i.2S;i9.6'  5.74  A 
1.15,21.3,  6.SO    i 

g 

in 

76|  73 

III 

rn 

|>     ,r 

42    39!  37 
SO   46,  43 

11  if 

78   7!l  M 

34!  31 
40,  3^ 

■46   42 

ill 

28!  IS... 

1 

1 

2.91 
3.36 

3-78 

4.60 

11 

I] 

431  38 
47  42 
Sil  46 

1.33 

:is 

91 

69 
77 
84 

9^ 

So 

,.,l,. 

....:,  1 

S"Xj"Aiiife.                                                                                      1 

IT? 

1.61I16.4 

4.80 

^ 

67 

% 

60 

47 

17   .4 

[      . 

4-4« 

1.21 

;?-s 

i 

64 

7S 
8S 
9S 

IOC 

& 

Si  49 
61    57 
70   6s 

4S    41 

37  33 
43  39 
49  44 
S6  so 
6j    57 

93 

loS 

79 
90 

70 

111 

1-1:7 

-r, 

SIS 

0.11 

11 

91 

ij4- 

99 

ti-,'  i. 

7.10I1.28 

114 

I 

129 

121 

117 

87i  ai:  75!  6^ 

SI 

.....   ..I..  .. 

S"Xji"Aii.fe.                                                                                     1 

1.8S 

Ml 

1.61 

•7-4 

^.12 

A 

71 

70    67 

64 

61 

?8 

55    51I  49'  46 

4, 

40 

37 

34 

jilie'..!..!.. 

4-58 
■;.28 

..46 
>-47 

S7 

84    Bo 
97   93 

11 

K 

70 
81 

l\ 

48 

4S 
SI 

I.S9 

24.0 

7.06 

^ 

77 

71 

69 

61 

48 

1.4c 

l,?t 

27.: 

11^ 

110  105 

9: 

8: 

8^ 

7* 

7' 

6t 

5< 

6.6+ 

7-3D 

IIS 

1.50 

il 

30.4 

^1: 

\?r. 

113 
Mi 

103 

,S 

93 
103 
III 

83 
91 

t 

l\ 

63 

70 
77 

97 
107 

75 
81 

I.M 

36.6,10.74 

Dr 

'Ai\'£\Z 

130' 114 

118 

5! 

89 

716SS9,-.|-- 

■i! 

,,» 

l4l|l3S 

8. 

7771  6s'-. 1.- 

6"X3rAnBl« 

6.50 

7.50 
848 

1.39 
1.40 

1-93 

^3  4 
17-0 
ia6 

6.84 

794 

f 

,vh 

89 
103 
117 

S 

t 

64 
74 
85 

1 

I 

43 

'^ 

A 

s. 

84 
96 

79 
90 

70 
So 

V 

118  123 

i 

9-44 
to.]B 

11.30 

12  30 

1.42 
i-43 

111 

1.91 

190 
1.89 
1.89 

34-2 
37-8 
41-1 

"43137 

119 
133 

113 

"5 

107 
119 

S 

90 

84 

"i' 

.)» 

73 

67 

? 

.73 '^'^9 
187I180I171 

M.Il 

117 

89'  aaW.-    .    1 

6 

X4 

1 

01 

97   93 

89 

86 

82 

78 

74 

7' 

67 

61 

S6 

S348!4S+I^' 

17 

104 

9^ 

9'; 

91 

82 

7« 

74 

615652:48,..! 

31 

iiH 

[oi; 

94 

Kii 

«4 

i5,6o55.. 

4P 

84 

736861.. 

64 

158:152 

I4t 

14c 

114 

m 

113  117 

los 

91 

87 

(17670'. 

7? 

173!  16716c 

[!4l47'l4i;«3S,l2a 

115  109101 

9t 

JO83I7771 

95  1SH181  I74'i67  160153,147140 

133126  119  112  (03 

)9l93,85,7» 

TABLE  47. 
Elements  of  Carnegie  Equal  Tees. 


2 

• 

< 

1 

! 

^1 

• 

size. 

Wdi^t 
per  Foot. 

Area 
of 

Sec- 
tion. 

Axis 

x-x. 

Adt  a-a. 

Flange. 

Stem. 

Min.  Thickneas. 

I 

r 

S 

X 

I 

r 

S 

Flanse. 

Stem. 

In. 

In. 

In. 

In. 

Lb. 

In.« 

In.« 

In. 

In.* 

In. 

In.« 

In. 

Ia.> 

4 

4 

i 

i 

I3S 

3.97 

5-7 

1.20 

2.0 

1. 18 

2.8 

0.84 

1-4 

4 

4 

i 

i 

lo.s 

3.09 

45 

1. 21 

1.6 

I.I3 

2.1 

0.83 

I.I 

3i 

3i 

i 

i 

11.7 

3-44 

3-7 

1.04 

1.5 

1.05 

1.9 

0.74 

l.l 

34 

3i 

i 

i 

9.2 

2.68 

3.0 

1.05 

1.2 

1. 01 

1.4 

0.73 

0.81 

3 

3 

i 

i 

9-9 

2.91 

2.3 

0.88 

I.I 

0.93 

1.2 

0.64 

0.80 

3 

3 

A 

A 

8.9 

2.59 

2.1 

0.89 

0.98 

0.91 

1.0 

0.63 

0.70 

3 

3 

i 

i 

7.8 

2.27 

1.8 

0.90 

0.86 

0.88 

0.90 

0.63 

0.60 

3 

3 

A 

A 

6.7 

1.9s 

1.6 

0.90 

0.74 

0.86 

0.75 

0.62 

0.50 

2i 

ii 

i 

1 

6.4 

1.87 

I.O 

0.74 

0.59 

0.76 

0.52 

0.53 

0,42 

2i 

2| 

A 

A 

5-5 

1.60 

0.88 

0.74 

0.50 

0.74 

OM 

0.52 

0-35 

2l 

»i 

A 

A 

4-9 

1-43 

0.65 

0.67 

0.41 

0.68 

0.33 

0.48 

0.29 

2l 

2i 

i 

i 

41 

1. 19 

0.52 

0.66 

0.32 

0.65 

0.25 

0.46 

0.22 

2 

2 

A 

A 

4-3 

1.26 

0.44 

0.59 

0.31 

0.61 

0.23 

0.43 

a23 

2 

2 

i 

i 

3.56 

I. OS 

0.37 

0.59 

0.26 

0.59 

0.18 

0.42 

0.18 

li 

i! 

i 

i 

3.09 

0.91 

0.23 

0.51 

0.19 

O.S4 

0.12 

0.37 

a  14 

li 

li 

i 

i 

2.47 

0.73 

0.15 

0.4s 

0.14 

0.47 

0.08 

0.32 

aio 

Ij 

Ij 

A 

A 

1.94 

0.S7 

O.II 

0.4s 

O.II 

0.44 

0.06 

0.32 

0.08 

Ij 

li 

i 

i 

2.02 

0.59 

0.08 

0.37 

O.IO 

0.40 

0.05 

0.28 

0.07 

II 

li 

A 

A 

1-59 

0.47 

0.06 

0.37 

0.07 

0.38 

0.03 

0.27 

0.05 

I 

I 

A 

A 

1.25 

0.37 

0.03 

0.29 

0.05 

0.32 

0.02 

0.22    1 

0.04 

I 

I 

1 

i 

i 

0.89 

0.26 

0.02 

0.30 

0.03 

0.29 

O.OI 

> 

0.21    , 

0.02 
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TABLE  48. 
Elsuemts  of  Caknegib  Ukbquax.  Tebs. 


1 

r 

s 

I 

Fla^e. 

SMm. 

In. 

In. 

In. 

In. 

Lb. 

In.' 

In.* 

In. 

In.' 

.„. 

In.' 

In. 

In.' 

T  so 

H 

13-4 

3-93 

2-4 

0.78 

,  , 

0-73 

S-4 

I.17 

2.2 

T  J. 

U 

A 

10.9 

3..8 

>'S 

0.68 

078 

4-1 

1.14 

t!6 

T  i. 

H 

4 

iS-7 

4.60 

S-> 

1.Q5 

lU 

3-7 

0.90 

T  St 

9.8 

2.88 

0.84 

0.91 

0.74 

3-0 

T  SJ 

1 

8-4 

2.46 

lis 

0,8s 

0-78 

0.71 

»-S 

1.01 

T  s6 

il 

9* 

4.68 

i.i 

0.67 

O.S9 

3-0 

I. OS 

J  " 

>i 

7-B 

1.19 

0.68 

0-S4 

0-S7 

I-S 

1.05 

T  57 

'SJ 

4-S° 

10.8 

;:|i 

3-1 

1-S6 

2.8 

0.79 

T  S8 

11.9 

3-49 

8-S 

1-4 

1.51 

0.78 

T  !9 

«i 

14.4 

4-^3 

7.9 

1-37 

2-S 

1-37 

2.8 

0.81 

T  60 

it 

3.19 

6-3 

•-39 

1-31 

0.80 

T  6i 

9.3 

Z.68 

2.0 

0.86 

0.90 

0.78 

0.89 

T  « 

7.8 

2.29 

1-7 

0.87 

0.77 

0-75 

1.8 

0.88 

o.8g 

T  6j 

li 

8-5 

2.31 

0-69 

o.6z 

0.62 

0.92 

T  6} 

■i 

7.1 

0.6^ 

0-53 

0.60 

1.8 

□.91 

0.88 

T  6, 

7.8 

2.27 

0.60 

□.52 

0.40 

0.48 

0.96 

T  6s 

6.7 

1-95 

0.53 

0.52 

0.34 

0.46 

1.8 

0-95 

0.88 

T  66 

U.6 

3-7° 

S'S 

1.14 

1-9 

0.72 

T  67 

9.8 

2.88 

4-3 

1-13 

i-S 

1.19 

1.4 

0.70 

0.B1 

T  69 

10.8 

3-17 

»-4 

0.87 

0.88 

1-9 

0.77 

T  TO 

8.5 

2.48 

1.9 

0.88 

klg 

0.83 

0.75 

□.Bi 

T  71 

7-S 

2.20 

1.8 

0.91 

0.85 

0.8s 

0-74 

0-68 

J  " 

11.7 

1:S 

S-i 

1.23 

1-9 

1-3* 

0.59 

D.81 

I  '! 

'  ■ 

loS 

4-7 

1. 23 

1-7 

1.29 

0.59 

0.70 

T    74 

9.1 

1.68 

4« 

;:S 

«-S 

1.27 

0.90 

0.58 

0.60 

T    75 

10.8 

3-17 

3-S 

i-S 

0.62 

0.80 

T   76 

:  ■ 

9.7 

1.83 

3.2 

1.06 

13 

0.60 

0.69 

T   77 

8.5 

2.48 

2.S 

1-07 

1.07 

0.93 

0.61 

0.62 

T  78 

7.1 

2.07 

0,72 

o!6o 

0,71 

0.89 

0.66 

0-S9 

T  79 

6.1 

1-77 

0-94 

0.73 

0-52 

0.68 

0.7S 

0.6s 

0.50 

T   31 

S-o 

1-47 

0.78 

0.73 

□.43 

0.66 

0,61 

0.64 

0.40 

T   81 

'i 
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■■7 
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0.84 

0.95 

0.53 

0.42 
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jl 
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0.72 

0.92 
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0-3S 
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it 
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0.84 
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0.09 

0.32 
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0.S8 

0.23 
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A 
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0.91 
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0.18 

0,45 

0.18 
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J-4S 

□.71 

0.27 
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0.19 

0.06 

0.92 

0.08 

■1 

1.15 
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0.05 

0,37 

0.05 

0.33 

0.04 

0.32 

0.05 

T60J 

No.  9 

* 

0.88 

0.26 

0.16 

0.01 

0.16 

0.02 

0.31 

0.04 

Elements  of  A.  S.  C.  E. 

Light  Rails. 
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TABLE  52. 
Elements  of  Carnegie  H  Beams. 


2 

1 

; 

> 

* 

Depth 

of 
Beam. 

wt. 
j^t. 

Area 
of 

Sec- 
tion. 

Width 

of 
Flange. 

Thick- 
ness 
of 

Web. 

Axis  i-i. 

Axis  1-3. 

I 

r 

S 

I 

r 

s 

In. 

Lb. 

In.« 

In. 

In. 

In.« 

In. 

In.» 

In.* 

In. 

hu* 

8 
6 

5 

4 

34.0 
23.8 
18.7 
iv6 

10.00 
7.00 

550 
4.00 

8.0 
6.0 
5.0 
4.0 

•375 
.313 

.313 

115.4 

4SI 
23.8 

I0.7 

3.40 

2-54 
2.08 

1.63 

28.9 
15.0 

9.5 

35-1 

14.7 

7.9 
3.6 

1.87 

1-45 
1.20 

0-25 

8.8 
4-9 

3-1 
1.8 

108 


TABLE  54. 
Carnegie  Corrugated  Plates. 


"^^^^^^^^"%#/"%4^ 


Elements  of  Corrugated  Plates. 


Section 
Index. 


M35 
M34 
M  33 

M  32 
M  31 
M  30 


Single  Section. 


Size. 
Inches. 


I2A  X  2j 

I2A  X  iH 

12A  X  2} 
8f    X  i| 

8i    XiA 

8i  X  li 


Weight  per 

Foot, 

Pounds. 


23.7 
20.8 
17.8 
12.0 
10. 1 
8.1 


a. 
Inches. 


12A 
12  A 

12A 
8i 
81 
8} 


Riveted  Section. 


d. 
Inches. 


2j 
2H 
2} 
If 

lA 

li 


Weight  per 

Square  Foot. 

Pounds. 


23.3 
20.4 

17.5 
16.5 

138 

II.5 


Modulus. 
One  Foot 

Width. 

Inches*. 


4-39 
3.84 
3.28 

1.95 

1-55 
1. 10 


Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 


Feet. 


5 

6 

7 
8 

9 
10 

II 
12 

13 
15 


Fiber  Stress,  z6,ooo  lb.  per  sq.  in. 


M3S 


1873 

I301 
956 
732 

578 
468 

387 

325 
277 

239 

208 


M34 


M  33 


1638 

II38 
836 
640 
506 
410 

339 
284 

242 

209 

182 


1400 

972 

714 
547 
432 

350 

289 

243 
207 

179 
156 


M33 


832 

578 
425 
325 
257 
208 

172 

144 

123 

106 
92 


M  31   M  30 


661 

459 
337 
258 
204 

165 

137 

115 

98 

84 

74 


469 

326 
240 
183 

145 
117 

97 
82 

69 
60 

52 


M3S 


I4OS 

976 
717 

549 
434 
351 

290 
244 
208 

179 
156 


Fiber  Stress.  12,000  lb.  per  sq.  in. 


M34 


1229 

853 
627 

480 

379 
307 

255 
213 
182 

157 
13.7 


M  33 


M 33  I  Max  I    Mao 


1050 

729 
536 

410 

324 

262 

217 
182 

155 
134 

"7 


624 

433 
318 

244 
193 

156 

129 

108 

92 

80 

69 


496 

352 

344 

244 

253 

180 

194 

138 

153 

109 

124 

88 

103 

73 

86 

61 

73 

52 

63 

45 

51 

39 

The  values  given  in  above  tables  are  the  safe  loads  per  square  foot  of  floor  surface  and  are 
based  upon  the  average  resistance  of  the  riveted  portion  within  aistance  a. 

The  weight  of  the  plates  are  included  in  the  safe  loads  and  must  be  deducted  to  obtain  xht 
net  superimposed  safe  load. 

Safe  loads  for  other  fiber  stresses  than  those  given  in  table  may  be  obtained  from  the  values 
given  by  direct  proportion  of  the  fiber  stresses. 

The  weight  per  square  foot  docs  not  include  the  weight  of  splice  bars,  rivet  heads  or  other  dct«iU. 
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AND   11. 
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Bam. 

Total 

Radii  of  Gyration. 

Beam. 

Tatml 

"iudiio* 

1 

i 

1 

8 

i 

Axil  A-A. 

Axil  B-B. 

1 

1 

Axil 

A-A. 

Axil  B-B. 

U 

TA 

Is 

'B 

u 

r^ 

Is 

r. 

Lb. 

Lb. 
tS 

Io.< 

ln.< 

In. 

In.* 

ta. 

In. 

Lb. 

In.' 

In.< 

In. 

In.< 

tn. 

.5 

20.07 

148 

3-Sl 
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4-02 

9 

11 

11.05 

249 

3-+t 

*ll 

4-4S 

^s 

10 

»5 

251 

3.37 
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4.89 

31-5 

24.00 

»S4 

3-25 

788 

5.73 

30 

18 

12.97 

272 

3-44 

387 

4.1 1 

9 

23.9s 

274 

3-38 

494 

4-S4 

30 

15 

25.01 

27s 

3.31 

6,9 

4-97 

31.S 

16.90 

178 

3.21 

915 

S-8J 

35 

8 

iR 

15.91 

197 

3.38 

4SS 

4.19 

9 

16.89 

198 

3-33 
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4-63 

77 

1! 

^ 
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3-17 
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4-95 
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29.84 
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To 
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3.98 
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3.79 

'552 

7.07 
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55 
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4.07 
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466 
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5.88 

J5 

15 

P 
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1688 
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36.51 
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3.91 
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S-09 
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1054 
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18 

55 
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3081 

8.S3 

SO 

2S 

30-79 

974 

5.14 
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31-S 
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SO 
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41 
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6.0J 

"S 

tl 

44-34 

1606 
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1388 

7.3  s 

55 

18 

SS 

47-79 

1611 

3552 

8.62 

50.94 

1619 

5-64 

4546 

9.*+ 

60 

Ji-5 

44.56 

1693 

6:16 

1652 

15 

4» 

47.78 

1698 

5.96 

1611 

7-41 

60 

18 

55 

51.^3 

1705 

5.77 

3879 

8.70 

6S 

54-38 

1712 

5. 61 

4943 

9.53 

65 

3'.S 
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6.09 

1789 

6.12 

15 
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1778 
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18 

55 
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1:^ 

4163 

8-77 

57.32 
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5-59 
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42 
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1864 

5-71 
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65 

15 
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65 
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TABLE  58. 
Properties  of  Column  Sections. 


• 

f"T% 

Properties  of                                ^       ■        1       •                                            Flanset 
Two  Channels  Laoed.                      Jt-  \ r — \  •   A                              Turned  In. 

i       1       1 

i 

Channels. 

Total 
Area. 

Moments  of  Inertia  and  Radii  of  Gsrratlon. 

Axis  A-A. 

Axis  B-B. 

Distance  Back  to  Back  of  Channels  in  Inches  -  b. 

£>epth. 
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Ia 
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Ib 
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Ib 

rn 

Ib 
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Ib 
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In. 

Lb. 

In.« 

In.« 

In. 

In.« 

In. 

In.* 

In. 

In.« 

In. 

In.« 

In. 

ln.« 

In. 

I 

975 
12.25 

570 
7.20 

42.2 
48.4 

2.72 
2.59 

60.5 
771 

3.26 
3.27 

80.2 
102. 1 

3.75 
3-77 

102.7 
130.7 

4.24 
4.26 

1 28. 1 
162.9 

4.76 

156.3 
198.7 

5-24 

5-27 

7i 

8i 

9i 

loj 

Hi 
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If 

11.25 
1375 

6.70 
8.08 

64.6 
72.0 

3.10 
2.98 

70.2 
85.5 

3-24 
3.25 

93.1     3.73 
II3-3     3-74 

1 19.4 

145.2 

4.22 
4.23 

149.0  1  4.72 

181. 1  i  4.73 

182.0  i  5.21 
221.0    5.23 

8i 

9i 

loi 

Hi 

I2i 

13.25 
15.00 
20.00 

7.78 

8.82 

11.76 

94.6 
IOI.8 
121.6 

3.49 
3.40 

3.21 

106.8 
122.0 
162.9 

3.70 
3.72 
3.72 

137.1 

156.5 
208.9 

4.20 

4-21 
4.22 

I7I.2 

195.4 

260.8 

4.69 

471 
471 

209.3 

238.7 
318.6 

5.18 
5.20 
5.20 

251.3 

286wi 
382.3 

5-68 
5.70 
5-70 

9i 

lOi 

Hi 

I2i                    I3i        1 

10 

15.00 
20.00 
25.00 

8.92 
11.76 
14.70 

133.8 

1574 
182.0 

3.87 
3.66 

3.52 

155-3 
207.4 

257-5 

4.17 
4.20 
4.18 

194.2 
259.0 
321.9 

4.68 
4.69 
4.68 

237.6 
316.5 

3937 

5.16 

5.19 
5.18 

285.4 

379-9 
472.8 

5.66  :  337.7 
5.68     449.2 

5.67  559.2 

6.15 
6.18 

6.17 

loi 

II 

i 

\i 

^i 

I3i 

I4i       1 

12 
<i 

20.50 
25.00 
30.00 
35.00 

12.06 
14.70 
17.64 
20.58 

256.2 
288.0 

323.4 
358.6 

4.61 

4-43 
4.28 

417 

257.1 
316.3 

379.3 
439.0 

4.62 
4.64 
4.63 
4.62 

3149 
387.2 
464.4 

537-9 

5. II 

5-13 

5-13 
5.12 

378.8 
465.4 

558.3 
647.1 

5.62 
5.63 
5.61 

448.7 
551.0 
661.0 
766.6 

6.10 
6.12 
6.12 
6.10 

524-6 
644.0 

1 8964 

6.59 
6.62 
6.62 
6.60 

I2i 

13 

i 

1 

[4i 

i5i    :     i^ 

\ 

fi 

33.00 
35-00 
40.00 
45.00 

19.80 
20.58 
23.52 
26.48 

625.2 
640.0 
695.0 
750.2 

5.62 

5-57 
5-44 
5-32 

605.9 
630.7 

721.7 
810.6 

5.53 
5-54 
5-54 
5.53 

718.9 
748.2 
856.2 
961.9 

6.02 
6.03 
6.03 
6.02 

841.7 

876.0 

1002.4 

1 126.4 

1 

6.52 
6.52 
6.51 
6.52 

974.5 
1014.2 

1 160.4 

1 304. 1 

7.02   1 1 17.2 

7.02  II 62.6 

7.03  1330.2 
7.02   1495. 1 

7.51 
7.52 
7.5s 

iii 

The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
coniplete  table.     The  properties  of  sections  not  given  in  table  may  be  found  as  follows: 

Example  i:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  wid 
flanges  turned  in,  loi  in.  back  to  back. 

From  Table  14,  Area  =  8.92  in.'.  

/^  =  Ix  from  Table  20  =  133.8  in.*;  r^  =  V7^  -^  A  ^  V133.8  •*■  8.92  -  3.87  in. 

/jg  =  ly  from  Table  20  «  194. 2  in.*;  r^  =  V/^  -^  A  —  V194.2  -s-  8.92  -  4.68  in. 

Example  a:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with 
flanges  turned  in,  12  in.  inside  to  inside  of  web. 

From  Table  No.  14,  Area  «  8.92  in.'.  

/^  =  Ix  from  Table  21  =  133.8  in.*;  r^  =  V/^  -J-  A  -  -^133.8  -J-  8.92  «  3.87  in. 
/^  -  ly  from  Table  21  -  284.4  in.*;  r^  =  V/jj  -^  A  ^  V284.4  •*■  8.92  «  5.65  in. 
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TABLE  59. 
Properties  of  Column  Sections. 


t 

1 

■^ 

"4- 

f^ 

Propertieflof 

1 

1 

Fiances 

Two  Cbanneb  and 

^ 

_i. 

■4^a 

■A 

Turned 

Two  Plates. 

d-^l 

4^ 

t 

Out. 

• 

^ 

t 

=^=^ — ^ r^ 

• 

rhflnn«>U. 

Inside 

Bade 

Moments  of  Inertia  and  Radii 
of  Gyration. 

Gages. 

Web 

Cover 

Total 

to 
Inside 

to 
Back. 

of 
Chan- 

Max 

In. 

I 

1 

Plates. 

Area. 

of  Web. 

AzisA-A. 

Axis  B-B. 

Plate. 

Chan- 
nels. 

nel. 

Rivet. 

b' 

b 

Ia 

'A 

Ib 

FB 

S 

h 

t 

Lb. 

In. 

In.» 

In. 

In. 

In.« 

In. 

In.« 

In. 

In. 

In. 

In. 

In. 

^75 

lOXi 
«    3 

10.70 
13.20 

?.* 

?i 

108 
144 

3.18 
3.31 

lOI 
122 

3.07 
3.04 

7i 

ft 

'H 

i 
If 

i 

tt 

8 

12.25 
« 

«    1 

12.20 
14.70 

?* 

"4 

150 

3.06 
3-20 

113 
134 

3-04 
3.02 

ft 
if 

If 

A 

tt 

tt 
tt 

11.25 

12X1 

12.70 

7i 

7 

167 

3.62 

186 

3.83 

?* 

Ii 

i 

i 

f( 

« 

15.70 

« 

« 

223 

3.76 

222 

3.76 

ft 

tt 

tt 

« 

1375 

cc 

14.08 

« 

6J 

174 

3.52 

204 

3.81 

it 

lA 

A 

tt 

« 

9 

i« 

17.08 

« 

if 

230  1   3.67 

240 

3.74 

tt 

fi 

tt 

tt 

13.25 

I2Xi 

16.78 

7i 

6i 

293 

4.17 

235 

3-74 

9i 

If 

i 

i 

u 

« 

**    i 

19.78 

« 

if 

366 

4.30 

271 

3.70 

ft 

tt 

tt 

tt 

« 

20.00 

« 

2076 

(( 

61 

320 

3.92 

280 

3.67 

ft 

lA 

A 

tt 

M 
10 

« 

If 

23.76 

M 

ff 

393 

4.06 

316 

3.64 

n 

ti 

it 

tt 

15.00 

14X1 

19.42 

9 

8i 

417 

4.63 

389 

4.47 

Ili 

Ii 

i 

i 

u 

<« 

(1 

26.42 

if 

U 

628 

4.88 

504 

4.37 

if 

if 

tt 

it 

« 

25.00 

f< 

25.20 

(( 

8 

465 

4.29 

492 

442 

fi 

ij 

i 

tt 

■  « 
12 

« 

« 

32.20 

i< 

fi 

676 

4.58 

606 

4-34 

ft 

tt 

tt 

tt 

2a;;o 

i6Xi 

24.06 

10 

9l 

715 

5.4s 

614 

5.05 

•?. 

iH 

A 

i 

(( 

« 

32.06 

K 

if 

1053 

5.73 

785 

4-95 

ft 

tt 

tt 

t( 

25.00 

(C 

26.70 

« 

?* 

747 

5.29 

679 

5.04 

ff 

1} 

1 

tt 

c< 

« 

3470 

« 

ii 

1085 

5-59 

849 

4-94 

if 

tt 

ft 

tt 

« 

35.00 

36.58 

« 

8i 

984 

S.19 

882 

4.91 

if 

2i 

t 

tt 

15 

« 

< 

44.58 

(( 

fi 

^335 

5. 47 

1053 

4.86 

if 

tt 

1 

ft 

tt 

33.00  1  i8Xi 

33.30 

"4 

loi 

1423 

6.54 

II 19 

5-79 

'?. 

*A 

A 

i 

«r 

«« 

"   1 

42.30 

it 

U 

1999 

6.87 

1362 

5.68 

tt 

tt 

It 

M 

45.00 

"   1 

39.98 

« 

lOj 

1548 

6.22 

I3II 

572 

u 

2i 

t 

tt 

(( 

«i 

"  f 

48.98 

({ 

it 

2124 

6.59 

ISS4 

5.63 

u 

tt 

ft 

tt 

« 

55.00 

"  i 

50.36 

(( 

9i 

1942 

6.21 

1584 

5-6i 

tt 

'P 

H 

tt 

<{ 

<« 

"  i 

59.36 

i( 

U 

2536 

6.54 

1827 

5-55 

it 

1 

ft 

tt 

The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  table.    The  properties  of  sections  not  ^iven  in  table  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  consisting  of  2  [s  12  in.  at  20}  lb.,  flanges  turned  out, 
9i  in.  back  to  back,  and  2  Pis.  16"  Xi". 


Item. 

A 

Ia 

Ib 

Ta 

tb 

Number. 

Section. 

Size. 

Table. 

In.s 

Table. 

In.« 

Table. 

In.« 

In. 

In. 

14 

I 

12.06 
16.00 

19 

3 

350 
341 

2 

2 

[s 
Pis 

12  in.  at  20} 
i6"Xi" 

19 

5 

256 
626 

/882 

A  28.06 

[6^ 
\  28.06 

Toul 

28.06 

882 

691 

5.61 

4.96 

115 


TABLE  60. 
Pkopbkties  of  Coluun  Sbctions. 


Flange 

MomcDU  of  taenia 

>»d 

Radii  oi  Gyial 

ion. 

I 

1 

t 

1 

AilaA-A. 

! 

t 

Aid) 

A-A- 

u 

r* 

iB 

fB 

1^ 

r^ 

!■      1      r» 

In. 

Lb, 

i«. 

Lb. 

In.. 

In,< 

In, 

In.' 

In. 

In. 

Lb, 

m.. 

In,' 

In, 

!».'    j      !». 

6 

S.00 

6 

Ii.15 

8.17 

18 

i,8i 

82 

1,11 

7 

15.00 

9.18 

19 

1-77 

"4  1   3-S3 

10.  so 

9-79 

3.19 

10.60 

1.7b 

{& 

7 

7 

lo.Mi 

11.62 

IM, 

11.15 

11.15 

10,,  I 

3.27 

y 

15,00 

67 

2.46 

ISO 

1.67 

'37S 

74 

aS' 

127 

3-30 

11.50 

7S 

»44 

172 

J-71 

n-M 

,? 

15.00 

12.10 

97 

2,82 

171 

8 

18.00 

13.11 

98 

-.74 

226 

♦■IS 

104 

1,7b 

^•73 

247 

4-»7 

114 

*-77 

237 

1,M, 

17.09 

115 

2.71 

309 

4-»S 

15.00 

14.15 

nH 

VU 

253 

4.11 

V 

15.13 

119 

3.0a 

3*5 

17.09 

4,18 

16, 

198 

35.00 

" 

10.03 

3.05 

377 

4-34 

21. OI 

1 87 

1.98 

477 

4-77 

11 

10.50 

9 

11,00 

...,: 

261 

4-78 

10 

•943 

l6. 

1.68 

S.18 

15.00 

u.oi 

191 

1.74 

4KM 

4,82 

12.07  1  »9S 

1.66 

60S 

5.»4 

30.00 

43.95  1329 

170 

15,01     330 

701 

5.29 

3  S.00 

16.89  1364 

1.68 

4.91 

" 

27.9s    366 

801 

5)5 

" 

40.00 

" 

" 

»9-83  |399 

3.66 

740 

4.98 

" 

30.89    401 

3.^ 

90s       S-4I 

k; 

3J.00 

10 

15.00 

17.17  I631 

4.82 

8oi 

S-44 

12 

3"-^o 

19-06    635 

4.67 

1 146  1   6.28 
1181  1    6.29 

4,81 

30.89  ,70i 

4-77 

027 

S.48 

31.78    70s 

4-64 

1317  1    6.34 

45-00 

3  3 '85   757 

4.71 

1030 

SSI 

35.74    760 

14S7  i   6-38 

50.0a 

38.68    815 

55.00 

" 

39.73  |867 

4.67 

1244 

5. 60 

4-57 

1747  1   6.48 

The  table  given  above  is  intended  to  sen 
mplete  table.     The  properties  of  aectioni  ni 

fixample:  Required  the  properties  of  a  sei 
d  one  I9  in,  at  21  lb. 


:  only  ai  a  guide  in  the  choice  of  sections,  and  not  a: 

t  given  in  the  table  may  tie  found  as  followi: 

lion  consisting  of  2  |s  to  in.  at  10  lb.,  flange*  turned  rr 


bSr 

tloo. 

Is 

I 

Siie. 

Table. 

In,. 

Table. 

In.' 

Table, 

In.' 

In. 

In. 

10  in,  at  >o  lb. 
9  in.  at  21  lb. 

14 

7 

11.76 

6.11 

19 

7 

157-4 

19 

7 

311.7 
84.9 

A  18,07 

\  18.07 

Total 

18.07 

161.6 

397-6 

3.00         4.69  1 

TABLE  61. 
Properties  of  Column  Sections. 


p. 

^ 

( 

Properties  of 
Channel  and  I-Beam 

4— 

L 

•  / 

—A 

Channel  Flanges  In. 
Minimum  I-Beam 

r 

""p""^ 

Section. 

for  Web. 

i 

m 

Sbribs  I 

Series  I. 

Series 

IL 

AND  II. 

Flange 

Moments  of  Inertia  and 

1 

Moments  of  Inertia  and        1 

Channeln. 

We  :>  iseam. 

Total 
Area. 

Raoii  of  Gyration. 

Wcl)  iseam. 

Total 
Area. 

RadU  of  Gyration.            | 

• 

1 

In. 
6 

1 

1 

in. 
7 

• 

Axis  A-A. 

Axis  B-B. 

1 

1 

Axis  A-A. 

Axis  B-B. 

Ia 
In.« 

29 

Ta 

Ib 

tb 

Ia 

ta 

Ib 

TB 

Lb. 

Lb. 

In.« 

In. 

In< 

In. 

In. 
8 

Lb. 

In.« 

In.« 

In. 

In.« 

In. 

8.00 

15.00 

9.18 

1.77 

86 

3.06 

18.00 

10.09 

30 

172 

123 

3.49 

M 

10.50 

« 

« 

10.60 

33 

1.76 

106 

3  16 

tt 

(( 

II.51 

34 

1.72 

149 

3.60 

7 

9.7s 

7 

15.00 

10.12 

45 

2.II 

95 

3.07 

8 

18.00 

11.03 

46 

2.04 

135 

3.50 

It 

12.25 

« 

C( 

11.62 

51 

2.10 

117 

3-17 

tt 

tt 

12.53 

52 

2.04 

163 

3.61 

8 

11.25 

8 

18.00 

12.03 

68 

2.38 

149 

3.52 

9 

21.00 

13.01 

70 

2.32 

203 

3-95 

it 

13-75 

« 

(( 

13.41 

76 

2.38 

174 

3.60 

(( 

(( 

1439 

77 

2.32 

234 

4-03 

9 

13.25 

9 

21.00 

14.09 

too 

2.66 

221 

3.96 

10 

25.00 

15.15 

lOI 

2.58 

292 

4-39 

"     15.00 

" 

((  - 

15.13 

107 

2.66 

244 

4.02 

<t 

(( 

16.19 

109 

2.59 

321 

4.45 

"     20.00 

<( 

<< 

18.07 

127 

2.65 

314 

4-17 

tt 

« 

19.13 

129 

2.60 

405 

4.60 

10 

15.00 

9 

21.00 

15.23 

139 

3.02 

240 

3-97 

10 

25.00 

16.29 

141 

2.94 

316 

4.40 

<( 

20.00 

(C 

(( 

18.07 

163 

3.00 

305 

4.1 1 

K 

(( 

19.13 

164 

2.93 

396 

4-55 

<( 

25.00 

(( 

(( 

21.01 

187 

2.98 

378 

4.24 

tt 

tt 

22.07 

189 

2.93 

483 

4.68 

12 

20.50 

10 

25.00 

19-43 

263 

3.68 

383 

4-44 

12 

31.50 

21.32 

266 

353 

599 

5-30 

i( 

25.00 

(( 

ti 

22.07 

295 

3.66 

458 

4-55 

tt 

(1 

23.96 

298 

3.52 

705 

5.42 

« 

30.00 

(( 

it 

25.01 

330 

3.63 

545 

4.67 

tt 

tt 

26.90 

333 

3.52 

827 

5-54 

« 

35.00 

u 

tt 

27-95 

366 

3.62 

637 

4-77 

tt 

tt 

29-84 

368 

351 

954 

5.66 

« 

40.00 

« 

tt 

30.89 

401 

3.60 

732 

4.87 

tt 

(( 

32.78 

404 

3-51 

1086 

5.76 

\5 

33.00 

12 

31-50 

29.06 

635 

4.67 

85s 

5.42 

\5 

42.00 

32.28 

640 

4.45 

1458 

6.72 

u 

35.00 

(( 

tt 

29.84 

650 

4.67 

887 

5-45 

tt 

(( 

33.06 

6SS 

4.45 

1507 

6.75 

(( 

40.00 

« 

tt 

32-78 

705 

4.64 

lOIO 

5.55 

tt 

tt 

36.00 

710 

4.44 

1694 

6.86 

(( 

45.00 

« 

tt 

35.74 

760 

4.61 

1138 

5.64 

tt 

tt 

38.96 

765 

4-43 

1887 

6.96 

(( 

50.00 

(( 

tt 

38.68 

815 

4.59 

1268 

5.73 

tt 

tt 

41.90 

820 

4.42 

2083 

7.05 

(( 

55.00 

t< 

tt 

41.62 

870 

4-57 

H03 

5.81 

tt 

tt 

44.84 

875 

4.41 

2284 

7.15 

The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  table.    The  properties  of  sections  not  given  in  the  table  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  20  lb.,  flanges  turned  in 
and  one  I9  in.  at  21  lb. 


Item. 

A 

Ia 

Ib 

^A 

tb 

Num- 
ber. 

Section. 

Size. 

Table. 

In.« 

Table. 

In.* 

Table. 

ln.« 

In. 

In. 

2 
I 

[8 
I 

10  in.  at  20  Ib. 
9  in.  at  21  lb. 

14 
7 

11.76 
631 

21 

7 

157.4 
5-2 

21 

7 

220.2 
84.9 

/162.6 
\  18.07 

;305.i 
V  18.07 

Total 

18.07 

162.6 

305.1 

3.00 

4.II 
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TABLE  62. 

Properties  of  Two  Channels  and  a  Built  I-Bbam. 

Flanges  Turned  Out. 


? 

Properti 

lea  of 

1             1 

Channel  Flanges  Out. 

Two  Channel! 

J 

t — 

^^B^E^a 

—A 

i 

Distance  Back  to  1 

Sack 

and 

r^    I 

of  Cbannds  Equab 

m  Boilt  I-Beam. 

• 

Width  of  Web  Plate  Phis  J". 

Series  z  and  a. 

Seriei 

i  I, 

Series  a. 

Channel. 

<; 

Axis  A-A. 

Axis  B-B. 

1 

Axis  A-A. 

Axis  B-B.      1 

i 

i 

i 

• 

adius  of 
yration. 

*£M 

^i 

• 

'3fl 

'oment 
Inertia. 

'Sc 

• 

i- 

"5 

} 

^ 

Monei 
of  Inerti 

1 

} 

(3*2 

4'^ 

3| 

■i  0 

& 

^ 

1 

V 

^'B 

«o 

«o 

•8 

^^ 

Q60 

^'Z 

«o 

In. 
12 

A 

Ia 

^A 

Ib 
In.« 

X-B 

In. 

A 

Ia 
In.« 

'A 

Ib 

rs 

Lb. 

In. 

Id. 

In.« 

In.* 

In. 
3.57 

In. 

In.l 

In. 

In.* 

In. 

20| 

3X3xA 

8x1 

21.18 

269 

402 

4.35 

lox} 

22.93 

270 

3.44 

610 

5.16 

12 

25 

(( 

« 

23.82 

301 

3.56 

46A 
536 

4.41 

« 

25-57 

302 

3.44 

700 

5.23 

12 

30 

« 

« 

26.76 

337 

3-55 

4.48 

(( 

28.51 

337 

3.44 

804 

5-31 

12 

20} 

3UjW 

8x1 

24.98 

282 

3.36 

436 

4.18 

loxf 

25.73 

282 

3.31 

657 

5.05 

12 

25 

(( 

27.62 

3H 

3-37 

498 

4.25 

« 

28.37 

314 

3.32 

747 

5.13 

12 

30 

(< 

(1 

30.56 

349 

3-37 

571 

4.33 

« 

31.31 

349 

3.33 

851 

5.21 

15 

33 

3UjUI 

8x1 

32.72 

651 

4.46 

652 

4.46 

loxf 

33.47 

651 

441 

961 

5.36 

15 

35 

« 

33-50 

666 

4.46 

672 

4.48 

« 

34.25 

666 

4.41 

989 

53  8 

15 

40 

<( 

(( 

36.44 

721 

4-45 

747 

4.53 

(( 

37.19 

721 

4.41 

1096 

543 

15 

33 

4x4*1 

loxi 

34-99 

663 

4.35 

982 

5.30 

I2xf 

35.74 

663 

4.31 

IIIO 

557 

15 

35 

(( 

(C 

35.77 

677 

4-35 

loio    5.32 

(( 

36.52 

677 

4.31 

1138 

5.58 

15 

40 

(( 

« 

38.71 

733 

4-35 

1117    5.37 

« 

39.46 

733 

4.31 

1245 

5.62 

The  above  table  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plete table.    The  properties  of  sections  not  given  in  table  may  be  obtained  as  follows: 

Example:  Determine  the  properties  of  a  section  composed  of  2  channels  15''  X  55  lb.,  i  plate 
12"  X  i"  and  4  angles  4"  X  4"  X  i",  12J"  back  to  back. 

Solution: 


Item. 

Area 

Moment  of  Inertia. 

Radius  of  Gyration. 

Axis  A-A. 

Axis  B-B. 

Axis  A-A. 

Axis  B-B. 

Table 
No. 

A 

Table 
No. 

Ia 

Table 
No. 

Ib 

=  v/Ia  +  A 

fB 

-I/Ib+A 

In.« 

In.* 

In.* 

In. 

In. 

2  [8i5"x55  lb. 

I   PI— I2'^X§" 

4^4"x4''x§" 

19 
I 

32 

32.36 

6.00 

15.00 

19 

4 

35 

860 
0 

53 

19 

3 
32 

1587 

72 

389 

'913 
A/53.36 

/2048 

V  53.36 

Total 

A- 

5336 

Ia  = 

913 

Ib= 

2048 

ta  "«  .414  fb  —  6.20 
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TABLE  64. 
Pkopbrties  of  One  Chanksl  and  One  I-Beau. 


BeanL 

Chumel. 

1 

AxiiA-A. 

AiliB-fi. 

ChanoeL 

1 
1 

AxilA-A. 

Axil  B-B. 

1 

^ 

1 

1 

J 

1 

II 

Ij 

11 
1 

1 

i 

II 

=•3 

•S| 

II 

Il:il 

8 

61 

A 

I^ 

e 

Ib 

r» 

Lb 

A 

Iji 

r* 

e 

Ib     l^r^ 

LbT 

taT 

In.i 

In.' 

In. 

In. 

In.' 

In. 

H 

In.' 

In.* 

In. 

In. 

In.<    1   In. 
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TABLE  65. 
Properties  op  One  Channel  and  a  Built  I-Beam. 
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TABLE  66. 
Properties  of  Built  Struts. 
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TABLE  67. 
Properties  op  Starrsd  Angles. 
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1.19 

!!  j  '3°° 

ISO 

13.00 

t.Si 

"  i 

7.96 

1.3 1 

" 

7^96 

1.17 

iS-9» 

I.S2 

" 

lS-9i 

1.84 

1.21 

♦i^j 

J.88 

1.5B 

S13X 

S-7i 

1.16 

4X4XJ 

7.76 

1.66 

SX3X 

11.44 

lit 

1.09 

S.72 

I.S6 

7-SO 

1.16 

11.44 

1.68 

lS-00 

7-SO 

'■53 

9-21 

i.iS 

IJ.OO 

1.70 

18.44 

2.39 

::ij 

"    1 

9.11 

LSI 

10.S8 

i-iS 

"     1 

18.44 

1.72 

21.76 

2.41 

S»Si 

7.1a 

1.98 

Sxjlx 

6.10 

1-37 

sijjii 

14-44 

1.08 

S^jix 

12.20 

2.27 

\',i 

950 

I-9S 

8.00 

"■JS 

19-00 

16.00 

2.29 

11.71 

1.91 

9.84 

1.34 

'.',   i  *^'*^ 

I9.6B 

2.31 

1.38 

" 

13.88 

1.89 

11.61 

1.33 

27-76 

i.14 

" 

23.14 

2.33 

1.40 

6i6i| 

8-7* 

2.37 

ftqj 

7.21 

..56 

6x6ij 

17-44 

2.49 

6x41 

1444 

m 

1.50 

11.50 

i-3S 

9.S0 

I.S6 

23.00 

2.51 

19.00 

I-Sl 

14.22 

^■33 

11.72 

i-SS 

;':» 

i-SJ 

nu 

2.78 

"■53 

16.88 

2.30 

13.88 

i-SS 

»-ss 

27.76 

I.gO 

I.S6 

19.46 

2.28 

;; 

,5.96 

l^S4 

38.92 

^■S7 

31.92 

1.82 

1.S8 

"    I 

22/» 

2.26 

18.00 

IS4 

"    1 

44.00 

2.S9 

" 

36.00 

2.8s 

1.60 

SiSi 

1550 

3^i7 

8161! 

13.50 

1.39 

8x8x 

31.00 

3-3* 

8x61 

2700 

'■!' 

i.$i 

19.22 

J^'4 

16.72     1.3  a 

;^:» 

3-34 

39.76 

j.te 

2.33 

M.88 

3.12 

ig.S8      1.36 

3.36 

J.60 

2.3s 

76.46 

3,09 

21.96      I.3S 

S1.92 

3.38 

" 

4S.92 

,.62 

2.37 

"     1 

30.00  1   3,07 

"  I 

26.00      2.34 

"    1 

60.00 

3.40 

"      I{   S2-00 

J.64 

439 

-   .For 

uoequ* 

le?«ng 

«,  th« 

angle  b« 

tween 

W 

hen  tug 

ietm 

Mine 

ontact. 

UK  ub 

te.38. 

TABLE  68. 
Properties  of  Four  Angles  Laced. 


■ 
• 

1.    ..,-..^ 

111 * 

1 

Properdet 

^               !                            For  Equal  Legs  and 

of 

uA".       &.       —^  J,                            Unequal  Legs  with 
•^          iT          ^0                       Long  Legs  Turned  Out. 

Pour  Angles  Laced. 

1 

Four 
Angles. 

Total 
Area. 

Moments  of  Inertia  and  Radii  of  Gyration. 

Axis  B-B. 

Axis  A-A. 

Thickness  of  2  Lacing 
Bars-/. 

Distance  Back  to  Back  of  Angles  hi  Inches  -  d. 

3  Bars 

2  Bars 

8i 

loj 

12J 

I4l 

I6J 

Ib 
In.« 

12 

re 
In. 

1.50 

Ib 
In.« 

13 

re 
In. 

Ia 

In.« 

71 

ta 

In. 

3.68 

Ia 
In.« 

113 

'A 

In. 
4.64 

Ia 
In.* 

167 

'A 

In. 
5.64 

Ia        'a 

Ia            r^ 

In. 

In.« 

In.« 
231 

In. 

6.64 

In.* 

In. 

3X2jxi 

5.24 

305 

7.63 

« 

7.68 

18 

I-S3 

19 

1.58 

100 

3.61 

162 

4-S9 

240 

5-59 

333 

6.58 

ta? 

7.58 

« 

10.00 

24 

I'SS 

26 

1.60 

128 

3-57 

208 

4.56 

308 

S'SS 

428 

6.54 

7.54 

4X3X 

9.92 

39 

1.98 

41 

2.03 

127 

3.58 

206 

4.56 

305 

S-SS 

423 

6.53 

561 

7.52 

"    1 

13.00 

S3 

2.01 

ss 

2.06 

162 

3-53 

264 

4.51 

392 

5-49 

546 

6.48 

725 

748 

« 

15.92 

66 

2.04 

69 

2.08 

193 

3.48 

317 

4.46 

472 

5-44 

659 

6.43 

879 

742 

2  Bars 
I"  =  i" 

2  Bars 

A"  =  t" 

lOi 

I2i 

Hi 

16J 

I8§ 

si^fM 

9.92 

27 

1.66 

29   1. 71 

190 

4.38 

284 

S-34 

398 

6.34 

532 

7.32 

685 

8.31 

13.00 

3? 

1.69 

39    1-73 

243 

4.32 

365 

5-30 

S13 

6.28 

687 

7.27 

887 

8.26 

tl       s 

15.92 

46 

1.70 

49    176 

291 

4.27 

440 

5.26 

619 

6.23 

831 

7.18 

1075 

8.21 

4x4x1 

11.44 

39 

1.86 

42 

I.91 

211 

4.29 

316 

5.25 

444 

6.22 

596 

7.22 

770 

8.20 

"   1 

15.00 

S3 

1.88 

56 

1.93 

271 

4.25 

408 

5.22 

575 

6.19 

772 

7.17 

999 

8.16 

8 

18.44 

67 

1.91 

71 

1.96 

325 

4.20 

491 

5.16 

695 

6.14 

935 

7.12 

1213 

8.11 

2  Bars 

A"  =  1" 

2  Bars 

1"  =  i" 

loi 

I2J 

I4i 

i6i 

18J 

s^}M 

12.20 

76 

2.50 

79 

2-5S 

248     4.51 

367 

5.48 

511    6.47 

679  1  7.46 

872 

845 

16.00 

102 

2.53 

106 

2.58 

318 

4.46 

472 

5-43 

659 

6.41 

878 

741 

1 129 

8.40 

a      & 

19.68 

128 

2-55 

133 

2.60 

382 

4.40 

571 

S-39 

800 

6.37 

1067 

7.36 

1374 

8.36 

^J^\ 

19.00 

170 

2.99 

176 

3.04 

370 

4.41 

SSI 

S-39 

770 

6.36 

1027 

7-35 

1321 

8.34 

"      i 

23.44 

213 

3.01 

220 

3.06 

448 ;  4.37 

669 

5-34 

937    6.32 

1252 

7.32 

1614 

8.30 

"   i 

27.76 

257 

3.04 

265 

3.09 

517 1 432 

777 

5.29  1092  j  6.27  1462 

7.26 

1888 

8.24 

The 

above  t 

able  is  intended  to  serv 

e  only  as  a  guide  in  the  choice  of  sections  and 

not  as  a  corn- 

plete  tab! 

e.    Th« 

;  properties  of  other  sei 
id  moments  of  inertia  c 

:tions  may  be  found  as  follows: 

The 

areas  ai 

)f  four  angles  about  the  axis  J-A  are  given  in 

Table  32,  for 

equal  leg 

angles; 

Table  33,  for  unequal 

leg  angles,  long  legs  out,  and  Table  34,  uneqi 

lal  leg  angles. 

short  legs 

.  out;  tl 

le  axis  A- J  corresponc 

ling  to  axis  X-X  in  Tables.    The  radius  of  g; 

y ration  about 

axis  A-A 

may  \h 

5  calculated  from  the  f( 

>rmula  r^^  =  V/^  -5-  -^. 

The 

momen 

ts  of  inertia  of  four  ani 

?les  about  the  axis  B-B  are  given  in  Tables  3 

J,  36  and  37, 
I  bout  the  axis 

the  axis  j 

3-B  cor 

responding  to  Y-Y  in' 

fables.    The  radii  of  gyration  of  four  angles  i 

B-B  may 

be  calc 

ulated  from  the  formul, 

a  Tb  =  V/b  "?•  ^,  or  mav  be  found  from  Tab 

les  38,  39  and 

40,  the  r, 

adius  oi 

"  gyration  of  four  angle 

s  being  equal  to  that  of  two  angles. 
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Properties 

t)F  Fotni  Angles  i 

ND  Threb  Plates. 

Momenu  of  Inertia  and 

Moments  or  Inertia  and        1 

Web 
Ptou. 

Four 

Anal.. 

.  Two 

]CS! 

Radii  of  Gyratioa. 

PlaM 

Total 

Ana. 

Radii  of  Gyration.             | 

Alia  A-A.           Alii  B-B. 

All* 

A-A. 

Axis  B-B. 

Ia 

'B 

r. 

TA 

I.    ;     r. 

In. 

Id. 

In. 

id.t 

In.> 

In.  1     In.' 

I.. 

In. 

In.' 

In.« 

In. 

In.'    1      In. 

10.1 

4131 

101 

J1.17 

459    4-6^ 

100 

2.17 

lOX 

23.67 

54° 

4-78 

.3.     1     2.26 

^-75 

S98 

4.73 

'3+ 

2.24 

25.50 

682 

S.16 

154  1  3^6 

lojl 

SX3JX 

16.10 

S!6 

4.60 

181 

2.63 

39.10 

653 

4-73 

217       3.7J 

33  oo 

7^3 

4.68 

242 

2.71 

36.00 

824 

_tzL 

378  1    2.78 

".}> 

S^ji. 

121 

25.70 

794 

5.31 

179 

2.64 

"iijt 

28.70 

939 

5.69 

21s  1    3.74 

31.50 

1034 

5.66 

339 

2,71 

3S-SO 

"73 

5-75 

375  1    3-78 

".;* 

S^?.ix 

34.00 

1051 

S-S9 

242 

2.67 

37.00 

1191 

5.68 

278  1    J.74 

40.68 

1290 

5.63 

303 

*7J 

43-68 

1387 

5-64 

339  '    3.7« 

".ft 

6141 

•^ 

19.44 

916 

3.58 

191 

3-14 

141 

31.94 

1073 

5-7 1 

348  ,    JJ5 

37-SO 

"97 

5.65 

388 

3.21 

1360 

5-76 

446  1    3-39 

i..i 

614, 

39-00 

HIS 

5.58 

394 

3..8 

41.50 

1378 

5-69 

451   1    3.16 

46.94 

1496 

S.64 

492 

3.24 

1  50-44 

i66+ 

5-75 

549    _3-30 

i^ii 

6x4. 

14* 

30.19 

1161 

6.46 

291 

3.10 

"¥ 

1  33.69 

1469 

6.60 

348 

3.21 

38.2s 

1644  1  6.SS 

388 

319 

1  41.75 

■857 

6.67 

446 

3-37 

.4>1 

6j„ 

40.00 

1672    6.46 

394 

3-14 

43.50 

1S8S 

6.s8 

451 

3Ji 

47-94 

2051  U.S4 

492 

3.20 

:  S».44 

3163 

6.63 

549 

3-3* 

■ifl 

614J 

49-69 

2081  16.47 

tv^ 

3  ■'7 

1  53-19 

1292 

6-S7 

556 

3-33 

S6-69 

2529  1  6.68 

3,29 

"  I  1  60.19 

1764 

6.74 

671 

3.3* 

"  ■  ;  63.69 

3006    6,87 

728 

3-38 

"  I  I  67- >9 

i;5i 

6.96 

78s 

34* 

"  I  70.69 

3S>2 

7-os 

842 

3  AS 

"  I   '  74-19 

7-13 

899 

3-*8 

I  77.69 

4048 

7.22 

956 

3-Si 

"  ,   ;  81..9 

4337 

7-30 

1014 

J-5J 

;;i    84.69 

461  s 

7,38 

I07I 

3-S6 

::*,  ^^•■9 

4910 

746 

.138 

3-5* 

'■  1  91.69 

S114 

7-S+ 

1185 

3-6o 

"  li   95-19 

5535 

7.63 

1343 

3.6: 

'■  2  ■  98.69 

S846 

7.65 

Iioq 

.63 

"  2i. 101.19 

6>7S 

7-77 

1356 

3-64. 

The  above  table  is  inter 

ded  to  serve  only  as  a  guide 

in  the  choice 

f  sectio 

nsaod 

plete  tabic.    The  properties 

of  other  sections  may  be  fo 

^nd  >B  follows 
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unpl 

:  Req 
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c  prope 

of  a  se 

d  0F4 

^  5"  >= 
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TABLE  71. 
Properubs  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Angles  and 

Two  Plates. 

Laoed. 

Angles  Turned  Out 

and 
Angles  Turned  In. 


B 


...&. 


I 
I 

.t. 


is 


b  -  Width.  Back  to  Back 

of  Angles,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

with  Angles  Turned  Out. 

c  "■  Same  as  b,  but 

with  Angles  Turned  in. 

d  -  Depth  of  Web  Plates  +  }". 


I.  2.  3 

and  4. 


Sixeof 
Angles. 


Series  i. 


i2 


I 


In. 


2iz2ixj 


« 


3X3xi 


3ix^W 


i< 


"     I 

i 


« 


« 


3ix^j3 


« 


2|x2ix| 

i 


<t 


« 


3x3* 

«    i 


i 


In.« 


In.«    In. 


In. 


In. 


8"x}"  Web  Plates. 


8.76 
10.92 
13.00 

9.76 

12.44 
15.00 


833-08  54 
1093-16  5-3 


132 

93 
123 

151 


13.92  137 
17.00  168 
19.92I196 


3.19 

3.09 

3. IS 
3-17 

3.14 

3.IS 
3-15 


5-2 

S-i 

5-0 
4.8 

4.6 

4-5 
4-3 


6.7 
7.0 
7-3 

6.8 

7-1 
7.4 

7-3 
7.5 
7.7 


I0"x}"  Web  Plates. 


9. 761 142' 3. 82 
11.92  185I3.94 
14.00  224  4.00 

10.76  159  3-84 
13.44  209' 3. 94 
16.00  256  4.00 


14.92 
18.00 
20.92 


232 

285 

333 


3-94 
3.98 

3.99 


6.4 
6.6 
6.9 

6.7 
6.7 
6.6 

6.4 
6.2 
6.0 


7-S 
8.1 

8.8 

8.3 
8.7 
9.0 

8.9 

9-1 
9-3 


I2"x}"  Web  Plates. 


10.762204.52  8.4 
12.92  2884.72  8.5 
15-00  343  4.78  8.6 


11.762464.57 
14.443224.72 


8.3 
8.2 


17.OQ.392  4.80  8.2 


I 


« 


(( 


i( 


15-92356473 
19.00  437  4.80 

21.92  5124.83 

4x4x1 1744  388  4-72 
I  21.004804.78 

I  2444  563  4-8o 


8.0 

8.0 

7.9 

7-7 
7-7 
7.6 


94 
9.9 

10.3 

9.7 
10.2 

10.6 

10.4 
10.7 

II.O 

10.5 
10.8 
II. I 


Series  2. 


I 


• 


In.« 


S-3 


In.« 


In. 


»  . 


In. 


In. 


8"xf"  Web  Plates. 


10.761  94' 2-95 
12.92  1 19' 3. 04 
15.00143  3.09 


5-3 
5-3 
5-2 


11.76  1042.97  5.1 

14-44  134  3-05  5-0 
17.00  162  3.09  4.9 


15.92  148  3.05  4.7 
19.00  1 79' 3. 07  4.6 
2 1. 92. 2071 3. 08  14.4 


6.3 
6.6 
6.9 

6.4 
6.7 
7.0 

6.9 
7-2 
74 


lo^xl"  Web  Plates. 


12.26!  162 


14.42 
16.50 

13.26 
15-94 


205 
244 


3-63  !6.5 
3.7716.7 
3-85  6.9 


179  3.68  \6.7 
229' 3. 79  6.7 


18.502763.86 


17.42  252 
20.50  305 

23-42353 


3.80 
3.86 
3.88 


6.6 

6.5 
6.3 
6.1 


7-3 
7-8 
8.4 

7.8 
8.2 
8.6 

8.5 
8.7 
8.9 


I2"xf "  Web  Plates. 


13.76 
15.92 
18.00 

14.76 
17.44 
20.00 


25614.32 

3244-51 
379  4-59 


282 
358 


4-37 
4-53 


428,4.63 


4-55 

4-64 
548,4.69 


18.921392 
22.60  473 
24.92 

20.44  424'4-58 
24.0015164.64 

27.4415994-67 


8.3 
8.4 

8.5 

8.2 
8.2 
8.2 

7.9 
7-9 
7.9 

7-7 
7.6 

7.5 


9.0 

94 
9.8 

9.3 
9.7 

lO.I 

9.9 
10.2 

10.6 

1 0.0 
10.3 
10.6 


Series  3. 


f2 


In.' 


MS 


In.« 


In. 


In. 


In. 


8"x§"  Web  Plates. 


12.76' 105  2.8715.4 
14.92' 130  2.95  5.4 
17.00  154  3.01  5.3 


13.76  115  2.89  5.1 
16.44' I45'2.97  5.0 


19.00  173  3.02 


17.92  159 
21.00  190 


2.98 
3-01 


23.92  218.3.02 


4-9 

4-7 
4.5 
4-3 


6.1 
6s 

6.0 
6.4 
6.7 

6.6 
6.9 

7-1 


io"xJ"  Web  Plates. 


14-76,18313.52 
16.92,2263.66 
19.002653.73 


6.6 

6.7 
6.8 


15.76  200  3.56  6.7 
18.44  250  3.67:6.6 
21.00297  3.76  6.6 


19.92  273 
23.00326 

25-92'374 


3.70 
3.76 
3.78 


6.4 

6.3 

6.2 


7-0 

7.5 
8.0 

74 
7-8 
8.1 

8.0 
8.3 
8.5 


I2"xi"  Web  Plates. 


16.76i292l4.17 18.2    8.5 

18.923604.36,8.3    8.9 


21.004154.45 

17.763184.23 

20.44  394  4-39 
23.004644.49 

21.92  428'4.4<2 
25.005094.51 

27.92  584  4-57 

23.44  46o'4.43 
27.00  552  4.53 

30.446354.57 


84 

8.1 
8.1 
8.2 

7.9 
7-9 
7-9 


9-3 

8.8 
9.2 
9.6 

9-4 
9.7 

lO.I 


7-7    94 
7.6 1  9.8 

7.5  iio.i 


Series  4. 


Is 


In.» 


I 
In.« 

•od 

(So 

r 
In. 

II 


In. 


In. 


8"xi"  Web  Plates. 


U.76  1 15I2.79I5.3 
16.92' 141  2.895.2 


19.00  165 


2.95  5.2 


15.761262.83  5.1  5.6 


54 

5.8 

6.1 


18.441156 
21.00  184 


19.92 


170 


23.00201 


2.91 '5.0  6.0 


2.96  5.0 


2.92 
2.96 


4.8 
4.6 


25.92:22912.9714.4 


6.3 
6.2 

6.5 
6.8 


io"xf "  Web  Plates. 

6.7 
7.1 
7.5 

6.9 

7-3 


1 7.26' 204  3.446.8 
19.42I247  3.566.8 
21.502863.65  6.8 


18.26,221  3.486.7 
20.94  271  3.606.6 
23.503183.686.6  7.7 


22.42 

25.50 


2943.626.4 
347  3-69!6.3 


28.42I395  3.72  6.2 


7.5 
7.8 

8.1 


I2"xt"  Web  Plates. 


19.76 
21.92 
24.00 

20.76 
23.44 


328  4.08! 8.2 
3964.258.3 
45M-34  8.3 

35414.13  8.0 
4304.28  8.1 


8.0 
8.4 
8.8 

8.3 
8.7 


26.00  500  4.39  8.2  1 9.0 

24.92  464'4.3 1 
28.001545  4.41 
30.92  620  4.48 


26.44 
30.00 

33.44 


4964.33 

588,4.43 
6714.51 


8.0  J8.9 
8.0  9.2 


7.9 


9.6 


7.7  9.0 
7.6  '9.3 

7.5  ;9.7 
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TABLE  7  U— Continued. 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


B" 


B 


Propertieaof 

Four  Angles  and 

Two  Platci. 

Laced. 

Angles  Turned  Out 

and 
Angles  Turned  In. 


TTT' 


r 

I 


IB 


Ib 


fr->  Width.  Back  to 

of  Angles,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

when  Angles  Are  Turned  Oat. 

c  «  Same  as  b  with  Angles 

Turned  In. 

J-  Depth  of  Web  Plates+  I''. 


Series 

I.  a.  3 

and  4. 


Size  of 
Angles. 

In. 


3X3xi 
I 
i 


it 


Sixjixi 


u 


4x4x1 

t 


(t 


(( 


3ix^ixt 


t( 


i 


4x4x1 
i 


6x6xJ 


ii 


3Jx^i^ 


« 


i 


4X4X 

it 


6x6x1 

it      5 

"8 

"    i 
"    i 


Series  i. 


o 


In.« 


Moment 
of  Inertia. 

r 
In. 

I 
In.< 

In.  I  In. 


14"  X  J"  Web  Plates. 


16.26 
18.94 
21.50 

20.42 
23.50 
26.42 

21.94 
25.50 
28.94 


41415.05'  9.61 10. 
520,5.24!  9-7,io-91 
6205.37   9.8  II. 


^19 


425 


57015.28   9.6; II. I 
685.5.40   9.6  II. 


791 

616 

747 
867 


5-47 

5-30 
5-41 
5-47 


9.6  12.1 

9.3  1 1.4 
9.3  11.8 
9.2  12.1 


627 


i6"xl"  Web  Plates. 


25.92 
29.00 


873  5.80,11.0  12.0 
102815.96  I  I.I  12.4 


3 1.92' 1 17216.06  1 1. 1  12.8 

27.44  937  584  10.9  12.1 
31.00  iii3l5.99;iO-9 '2-5 
34.44  12766.09  10.9  13.0 


33.44  1 165  5.90   9.8  12.8 
39.001413:6.02    9.7  13.2 
44.44I  164716.09   9.6  13. 
49.7611867,6.12!  9.5,14.0 


Series  2. 


In.« 


In.« 


og 

3*i 


!0 


In. 


.0 


In. 


In. 


I4"xi"  Web  Plates. 


.76 

22.44 

.00 


23.92 
.00 
29.92 


25-44 
29.00 

32.44 


4714.89 

577;5-07 
677  5 -20 

627  5.12 

7425-25 
848  5.32 


673  5.15 
804  5.26 

924,5-34 


9.6]  10.0 
9.7,104 
9.8  10.8 


9.6  10. 
9.6  I  I.I 
9.6  1 1.6 

9.3  10.9 

9.31 1 1.3 
9.2,11.7 


627 


16"  X  i"  Web  Plates. 


29.921  9595.66  II.O 
33.00  iii4  5.8i!ii.o 


35-92 


1258  5.92  1 1. 1 


31.44  1023  5.71  10.9 
35.0011995.85  10.9 


38.44 


1362  5.96 


37.4412515.78 

43.0014995.91 

6I48.44  1733  5.98 

53.76' 1953  6.03 


i8"xi"  Web  Plates. 


27.92J  1 171,6.49  12.4  13.2 
31.00  1373  6.66  12.6  13.7 
33.92115616.78,12.714.2 


29.44!  125616.53  12.413.5 
33.00,1485  6.71  12.5  14.0 
36.44  1699  6.82  12.6  14.5 


41.00  18846.78  1 1.5  14.8 
46.44'2i9i  6.87'ii.3  15.2 
51.762482  6.921 1 1.2  15.5 
56.92  2762  6.96iii.i'i5.2 


10.9 

9.8 

9.7 
9.6 

9-5 


11.5 
1 1.9 
12.3 

1 1.7 
12.2 
12.6 

12.4 
12:8 
13.2 
13.6 


18"  x{"  Web  Plates. 


32.42  1293,6.32  12.4  12.8 
35.50  1495  6.49  12.5  13.3 
38.42  1683  6.62  12.6  13.7 


Series  3. 


In.« 


c:3 

il 

S-3 


I 


In.« 


2-2 

II 


In. 


tl 


In. 


In. 


14"  X  i"  Web  Plates. 


23.26 

25-94 
28.50 


42 
30.50 

33-42 

28.94 
32.50 

35-94 


528 
634 


4-77 
4-94 


734  5-07 

6844.99 
7995.12 
905  5.20 


9-5 
9.6 


9.5 
9-9 


9-7  10-3 


730  5.02 

861 

981 


9-5 
9-5 
9-5 


10.2 
10. 


634 


II.O 


9.4  ^0.5 
5.151  9.3;  10.8 

5.23    9-3i"-2 


i6"xr  Web  Plates. 


33.92  i044!5.53'io.9'ii.o 
37.00  1 199  5.69  II.O  1 1.5 
39.92  1343  5.80  1 1.0  1 1.9 


35.44  1 108  5.60  10.9  1 1.5 
39.00  1284  5.74;  10.9  1 1.8 
42.44  1447  5.84  10.8  12.1 

41.44  1336  5.68  9.9  12.1 

47.00' 1 5 84' 5.81!  9.8112.6 

52.44I  18185.89  9.713.0 

57.76203815.94  9-613-4 


i8"xr  Web  Plates. 


Series  4. 


3 

e2. 


In.« 


I 


21  i 
5cl 


.0  ■ 

o-s 


In.« 


r 
In. 


In. 


c 

la. 


iV'xi"  Web  Plates. 


26.76 

29-44 
32.00 


30.92 

.00 

36.92 


32.44 
36.00 

39-44 


585 
691 


4.67 
4.84 


791  4-97 


741 


4.89 


856  5.02 


9.6    9X 

9-6i   9^5 
9.6;  10.0 


9.5 
9-5 


962  5.10   9.5 


7^7  4-93 


9.8 

10- 1 

laj 


9.4   IOC 


918  5.05,  9.4;  ICM 
1038I5.13    9.3  laS 


16"  X  J"  Web  Plates. 


37.92  1 1 29  5.46  10.9  10.5 
41.00  1284  5.60  10.9  II-O 
43.92  1428  5.70  1 1.0  ii-S 


39.441193  5.5010.8  n.r 

43.0013695.6410.$  114 

46.44  1532  5.74  10.8  11.7 

45.44  1421I5.60' 10.2  11-6 

51.00,16695.72,10.1  12.1 

56.44190315.81,10.0  12.5 

61.76 21235.87!  9-9  129 


18"  xT  Web  Plates. 


36.92  1414I6.19  12.512.5 
40.00  16166.36  12.5  12.9 
42.92  18046.48  12.5' 13.2 


33-94  1378  6.38  12.2,12.9 
37.50  1607  6.55  12.3  134 
40.94  1 82 1  6.67  12.4  13.9 


45.50  2006  6.64  1 1.5'  14.3 
50.94  2313  6.74  1 1. 3  14.7 
56.262604,6.8011.2  15. 1 
61.42  28846.85  I  I.I  15.5 

128 


64 


38.44' 1499  6.25  12.2' 12. 
42.001 172816.42, 12.3 ,  13.0 
45.44  1942  6.54  12.4  13.4 


50.0021276.53  11.5,13.8 
554424346.63  11.3,14-2 
60.76  272516.69  1 1.3  14.6 
65.92  3005 '6.74  1 1.2' 15.0 


41.42!  153616.09' 124I  iz-i 
44.50' 1738,6.25  12.4  124 
47.42  19266.38  124  12.7 


2.94  i62i|6.i4  12.1  12.1 
46.50  18506.31,12.2  12-5 


49-94 

54-50 
59-94 
65.26 

70.42 


6.43,12.3  12.9 


2064 


2249643  1 1.4  13.3 
25566.53  1 1.4  13.7 
2847  6.59;  1 1.3 1  14.1 
31276.66  1 1.2,  14.5 


TABLE  IL—CorUinued. 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Angles  and 

Two  Plates, 

Laoed. 

Angles  Turned  Out 

and 
Angles  Turned  In. 


*1I 


B 


T 


r 


B 


^ 


I 


IB 


IB 


b  -  Width.  Back  to  Back 

of  Angles  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

with  Angles  Turned  Out. 

c  =  Same  as  b,  but 

with  Angles  Turned  In. 

d  -  Depth  c?  Web  Plates  +  i". 


Series 

X.  2,3 

and  4. 


Sixeof 
Angles. 


In. 


* 


« 


M 


4X4X1 
t 

f 


U 


6x6z} 


« 
« 


3lxjixi 


« 


4x4x1 

a 

f 


« 

<4 


6x6x1 
« 


4( 


4X4X1 


« 
« 


6x6z} 
i 


<( 
(( 


{ 


8x8x1 


« 
« 


Series  i. 


II 


il 


5c^ 


I 


In.«      In.< 


In. 


^J5 

3- 


II 


In. 


In. 


2o"x§"  Web  Plates. 


I        I        > 
29.92  1525  7.14  13.8 

33.00  1779  7.34  14.0' 
35.92  2017  7-50  14-2 


31.44  1634  7.21  13.7 
35.00  1923  7.41  13.9 
38.4421947.58  14.1 


43.0024367.53  13. 1 
48.442828  7.64' 1 3. 1 

53.76  3202;7.72!i3-o 
58.92356117.79,12.9 


22"xi"  Web  Plates 


37.42  2161  7.60  15.0^ 
40.50  2473  7.82  15.3' 


43.42  2766  7.98 


iS'S 


38.94  2296  7.68  15.0 
42.50  2652  7.90  15.3 
45.94  2988  8.07  15.6 


50.503295,8.08  14.6 
SS-94'3783  8.22  14.6' 
61.2642498.33  14.61 
66.42469818.42  14.6, 


24"xi"  Web  Plates 


41.44  2870  8.32:16.4 
45-00  3300  8.56  16.6 
4844'3707|8.75!i6.8 


53.0040898.79  16.2 
58.44*4684  8.96  16.2 
63.765253  9.08  16.2 
68.9258029.18  16.2 


6.7 
7.3 
7-9 

8.4 
8.9 

9-3 
9.8 


61.004772  8.85,15.3  19.0 
68.44  5537  8.98I15.2  19.6 
75.7662689.11  1 5. 1  20.1 
82.92  6976  9. 16' 1 5.0' 20.5 
90.00  7653  9.221 14.9I20.8 


45 
5.6 

4.8 

5.4 
6.0 

6.2 
6.6 
7.0 

7.4 


5-2 

5-7 
6.2 

6.1 
6.7 

7.0 

7.4 
7.9 
8.3 


Series  2. 


a 


In.> 


Moment 
of  Inertia. 

r 
In. 

I 
In.^ 

In. 


In. 


2o"x|"  Web  Plates. 


34.9211691  6.96  13.7 
38.00,19457.15  13.9 
40.92  2 1 83 '7.3 1  14.0 


36.44  180O17.03  13.6 
40.00  2089  7.23 '13. 8 

43.4423607.3713-9 


48.0026027.36113.2 
53.4429947.4913.il 
58.76,33687.5713-01 
6392  3727  7.6412.9 


22"xi"  Web  Plates 


42.92  2383  7.45  14.9 
46.00  2695  7.68  15.2 
48.92  2988  7.82  15.4 


44.44  2518  7.5415.0 
48.00  2874  7.74  15.2 
51.44  3210  7.90  15.4 


56.0035177.93  14-6 
61.444005  8.08  14.6 

66.764471  8.19' 14.6 

71.92  4920  8.27' 14.6 


24"x}"  Web  Plates 


47.44  3  I58'8.i6|  16.3! 
51.003588,8.4716.5 


5444,3995  8-57 


59.00  4377 
64.44  4972 


8.62 
8.79 


16.7 

16. 1 
16.1 


6.3 

6.9 
74 

7-9 
8.4 

8.9 
9-3 

67.00  5060I  8.69' 1 5.3  18.5 
74.44  5825  8.85  15.2  19.1 
81.76  6556  8.96  15. 1  19.6 
88.92  72649.04115.0  19.9 
96.00  7941  9.10  14.9  20.2 


69.76  5541I8.92  16.2 
74.92  6090  9.02  16.2 


4.0 

4-5 
5.0 

4-2 
4.8 

5-3 

5.6 
6.1 
6.5 
6.9 


4.8 

5.3 
5.8 

5.2 

5-7 
6.2 

6.5 

6.9 

74 
7.8 


Series  3. 


¥ 


In.> 


In.« 


In. 


ii 

■i 


In.     In 


2o"x}"  Web  Plates. 


39.92  1858  6.83  13.6 
43.002112  7.02  13.8 
45-92  2350  7.i5;i3.9' 


41.44  1967,6.89' 13.61 
45.00,22567.081 13.7; 
48.44  2527J7.23  13.9 

53.oo'2769|7.23  13.3 
58.44131.6117.36113.2 

63-76|3535|7-45!i3.i 
68.92  3894.7.52112.9 


22"xi"  Web  Plates 

2605I7.34  14.9 

29177-53  I5-I 
321017.67  15.3 


48.42 
51.50 
54-42 

49-94 
53.50 


27407.41  15.1 

30967.61  15.2 

56.94J3432  7.76  15-3 

61.5037397.80  14.6 
66.944227,7.93  14.6 
72.26  4693  8.05  14.6 
77.42  5142  8.15  14.6 

24"x~J"  Web  Plates 


53.443446,8.03116.1 
57.003876  8.25,16.4 
60444283  8.42,16.6 


65.00  4665  8. 
70.44  5260  8. 
75.76  5829  8, 
80.92  6378  8 


47'  16.0 
64'  16.0 

77,16.1 
88  16. 1 


73.00  5348  8. 
80.446113  8. 
87.76  6844  8. 
94.92  7552  8. 


56,15-3 
72^15-2 
84  15. 1 

93,15-0 
102.00  8229  8.99  14.9 


3-5 
4.0 

4-5 

3.8 

4.3 
4.8 

5-2 
5.6 
6.0 

6-4 


4-3 
4.8 

5-3 

4.8 

5-3 
5.7 

6.1 

6.9 

74 


6.0 
6.5 
6.9 

74 
7.9 
8.3 
8.8 

8.0 

8. 

91 
94 
9.7 


Series  4. 


1. 


••sc 


T     I     b 


In.*      In.     In. 


In. 


2o"x}"  Web  Plates. 


44.926.72  13.5' 13.0 
48.00  6.90' 13.6' 13.5 


50.92  7.03;  1 3. 7 


14.0 


46.446.78.13.5  13.3 

50.006.96.13.6  13.8 
53.44  7.10  137  14.2 


13.4 
13.3 


58.007.12 
63.44,7.24 
68.76  7.34  13.1 
73.927.42112.9 

2!i"xi"  Web  Plates. 


14.2 
147 
15.2 

15-7 


53.927.24  14.8. 13.9 
57.007.43  15.0' 14.4 

59-92  7.57  15-21 14-9 


14.2 
14.7 

15-3 


55-44.7-30  15-I 
59.007.51  15. 1 
62.44  7.65  15. 1 


67.007.69  14.6  15.6 
72.447.83  14.6  16.0 
77.7617.96,14.616.5 
82.92I8.04  14.5 '16.9 


24"xi"  Web  Plates. 


59.44' 7.93 
63.00I8.14 

66.4418.30 


16.0 


15.6 


16.3  16.0 
16.5!  16.4 


71.008.36  16.0  16.9 
76.44' 8.53, 16.0. 17.4 
81.768.66  16.IJ17.8 
86.92'8.76  16.1,18.3 


79.008.45  15.3  17.5 

86.448.60,15.3118.0 

93.76.8.72,15.3  18.5 

100.92,8.82  15.21 19.0 

108.008.89115.2*19.5 


129 


TABLE  71,— Continued, 
Properties  of  Four  Angles  and  Two  Plates,  LACsa 


Properties  of 

Four  Angles  and 

Two  Plates, 

Laced. 

Angles  Turned  Out 

and 
Angles  Turned  In. 


B 


IL4J 

IB 


b  -  Width.  Back  to  Back 

of  Angles,  for  Equal 

Moments  of  Inertia 

about  Axes  A-A  and  B-B 

for  Angles  Turned  Out. 

c  "  Same  as  b,  but 
with  Angles  Turned  In. 
-  Dei»th  of  Web  Plates+  i". 


Series 

1.2.3 
and  4. 


In. 


4x4x1 


tt 


€i 


6x6x\ 


« 


(( 


tt 


8x8x} 
"   I 

i 
I 


tt 
tt 
tt 


"   i 
"   i 

6x6x^ 

tt 

tt 
tt 

8x8zi 
"   I 

tt 
tt 
tt 


Series  i. 


In.« 


In.« 


33 


In. 


In. 


In. 


26"  X  f "  Web  Plates. 


Series  2, 


In.« 


In.< 


In. 


In. 


In. 


43-94 

47.50 
50.94 

55-50 
60.94! 

66.26 

71.42 

63.50 
70.94 
78.26J 
85.421 
92.50! 


3526 

4039 
4523 

4990 
5702 

6385 
7043 
5818 
6737 
7617 
8471 


8.96 
9.23 

9.42, 
948 
9.68, 
9.82, 

9.94| 
9.58 

9.75: 
9.88 

9-96, 


17.7I18.0 
18.0' 18.6 


18.2 

17.7 
17.8 

17.8 
17.9 
16.8 
16.8 
16.8 


19.2 

197 
20.2 

20.8 

21.3 

20.5 
21.0 
21.6 


16.7  22.0 
9289  10.02' 16.6!  22.3 


28"  X  }"  Web  Plates. 


it 


tt 


tt 


n 


53.44 
57.00 

60.44 
65.00 

70.44 
75.76 

80.92 

73.00 

80.44 

87.76 
94.92 

102.00 


4728 
5329 

5898 
6458 

7299 


9.41 
9.67 

9.88I 

9.97 

10.17 


18.8  18.6 

I9-I  19.3 


19.4 
19.0 


19.9 
20.4 


8106' 10.35 
8885 1 1047 

744710.10 
8536110.30 

9579!  1045 
I0594j  10.56 

11568,10.65 


19.1120.9 
19.2  21.5 


19.3 

18.3 
18.3 
18.3 
18.3 
18.3 


22.0 

21.2 
21.8 
22.4 
22.8 
23.3 


3o"xr  Web  Plates. 


56.44 
60.00 

63.44 

68.00 

73-44 
78.76 

83.921 

76.00: 

83.44 

90.76: 

97.92 

105.00' 


5670 
6367 
7027 

7690 


10.02 
10.30 
10.51 

10.64 


8670  10.86 

9613  11.05 

10522  11.20 

8857' 10.78' 
10129  11.02' 
11352  11.20 
12541  11.32' 
13685  11.42, 


20.1' 19.9 
20. 5 1 20.6 
20.8.21.2 

20.5I21.7 
20.7I22.2 
20.9' 22.8 
21.023.4 

19.9122.5 
19.9123.0 
19.9  23.6 
20.0  24.1 
20.0  24.7 


26"  X  i"  Web  Plates. 


50.44 
54.00 

57.44 
62.00 
67.44 
72.76 
77.92 

70.00 

77.44 
84.76 

91.92 

99.00 


3892 

4405 
4889 

5356 
6068 

6751 
7409 
6184 
7103 

7983 
8837 
9655 


8.79  17.6  17.6 
9.05I17.8I18.1 
9.23  1 8. 1  18.7 

9.29  17.7  19.2 
9.49,17.719.7 
9.64,17.8  20.2 
9.76  17.920.8 

9.40'  16.8  20.0 
9.58!  16.8  20.4 
9.7116.720.9 
9.8 1 1 16.6  21.4 
9.88  16.6  21.9 


28"  X  r  Web  Plates. 


60.44 
64.00 
6744 

72.00 

77.44 
82.76 

87.92 

80.00 

87.44 
94.76 

101.92 

109.00 


5185!  9.2718.8  18.4 
5786I  9.51  19.0' 18.9 

6355  9.71  19-3  19.5 
6915  9.81  18.9  19.9 
7756  10.01 1 19.0  20.4 
8563|io.2i'i9.i|2i.o 

9342110.31  I9.2|21.5 

7904'  9.94  18.3,20.7 

8993  io.i4|i8.3|2i.2 

10036  10.30' 18.3I21.7 

11051  10.421 18.3  22.2 

1 2025 '10.50!  1 8.4  22.8 


Series  3. 


I' 


o 

Is 

0^0 


In.*       In. 


b 
In. 


In. 


26"xi"  Web  Plates. 


56.94 
60.50 
63.94 

68.50 

73.94 
79.26 

84.42 

76.50 
83.94 
91.26 
98.42 
105.50 


17.5117.1 
17.7  17.6 
18.0. 18.2 


8.63 
8.88 

9.07 
9.15  17.6' 18.7 
9.34  17.6  19.2 
9.47  17.7  19.7 
9.60  17.8 

9.26  16.8 
9.44  16.8 
9.56  16.7 
9.67  16.6 
9.76  16.6 


20.2 


194 
19.9 
20.4 
20.9 
21.4 


28"xi"  Web  Plates. 


Series  4* 


3 


In.« 


In. 


•°5 


I 


In.  !  Is. 


26"xi"WebPUtcs- 


63.44 
67.00 

7044 

75-00 
80.44 
85.76 
90.92 

83.00 
90.44 

97.76 
104.92 
112.00 


8.54!  174  16.6 
8.76117.617,1 

8.94' 17.9  17.7 
9.02!  17.5  18.1 
9.20ji7.^'i8.6 
9.34  17.6  19.1 
9.46  17.7  19.6 

9.13  16.8' I?.S 
9.32J  16.8. 19.3 
945  16.7' IQ-8 
9.56.16.6  2a3 
9.64  16.6  2a8 


28"x  I  J"  Web  Plates. 


30"  X  i"  Web  Plates. 


63.94  6233!  9.8820. 
67.50  6930  10.12  20. 
70.94    7590^10.3  5 '20 

75.50  8253  10.46120. 
80.94,  9233  10.68  20. 
86.26,10176  10.86' 20, 
9 1. 42  II 085  II. 02 1 20. 

83.50   9420  10.62  20. 

90.94;  10692  10.85 '20. 

98.261 1 191511.02120. 
105.42  1310411.15I20. 
112.50  14248  II. 25 1 20.2; 24.2 
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01 19.5 

4  20.0 

20.5 

21.2 
6^21.8 

7|22.3 

922.9 

0*22.0 
1I22.5 
2,23.1 
223.6 


67.44  9.15!  18.7  17.8 
71.00   9.38  19.0  18.3 

74.44  9-571 19.2|  18.9 
79.00  9.66!  18.9  19.5 
84.44  9. 87 1 19.0  20.0 
89.76!  10.03  19. 1 '20.5 
94.92  10.16!  19.2  21.0 

87.00  9.81  18.4120.2 

94.44  10.00' 18.4  20.7 

101.76  10.15I18.4I21.2 

108.92  10.271  i8.4'2i.7 

116^0010.37!  18.4' 22.3 


3o"xi"  Web  Plates. 


71.44 
75.00 

78.44 

83.00 
88.44 

93-76, 
98.92 

91.00' 

98.44; 

105.76' 

112.921 

120.00* 


9.76' 20.0  19.0 

10.00!  20.3  19.6 

10.20.20.5,20.2 

I 
10.30' 20.3  20.8 

10.51 1 20.5  21.4 

10.70  20.6  21.9 

10.85  20.8' 22.5 

10.46  19.8  21.5 
10.70  19.8  22.0 
I0.85  19.8  22.6 
II. 00;  19.9  23.1 
II. II  19.923.7 


74.44   9.05 
78.00   9.27 

81.44  9.45 
86.00  9.55 
91.44  9.74 
96.76;  9.90 
101.92  10.03 

94.00  9.69 
101.441  9.90 
108.76  10.03 
115.92  10.06 
123.00  10.25 


18.6  174 
18.9  18^ 
19. 1  18.5 

18.8  19,0 

18.9  19.5 

19.0  20JO 

19. 1  20.5 

184  19.7 
184  2a3 
184  2a9 
184  21.3 

18421.8 


30"xii"  Web  Plates, 


78.94 
82.50 

85.94, 
90.50: 

95.94 
101.26 

106.42' 

98.50 
105.94 
113.26 
12042' 
127.50 


9.56  19.9  18.6 

9.89  20.2  19.2 

10.06  204  19.7 

10.18  20.2  20.3 
104020.4  20.8 
10.5620.5  214 
10.71  20.7  21.9 

10.35  19.9  21. 1 
10.5620.0  21.8 
10.73  20.1  224 
10.90  20.1  22.9 
10.98  20.1  234 


TABLE  72. 
Properties  of  Four  Angles  and  Four  Plates. 


Properties  of 

Four  Angles  and 

Four  Plates. 


1 


J 


B 


r"T 


Edffes  of  Angles  Flush  with 

Edges  of  Corer  Plates. 

d-  Depth  of  Web  Plates  Phis  ^. 


B 


Series  z,  a  and  3. 


Size  of 
Angles. 


In. 


3X3xi 


3x3xf 


3ix3§x| 


3Jx3ixJ 


i! 

I 


In. 


(( 


« 


(( 


3ixUxi  iM 

I 

3lx3ix§  i8x| 
1 


4HxI 


4X4xJ 


it 


jjxsiii  201J 
"  I 


«( 
{< 


3ix3|xJ;20x 


(i 
(I 


4Mxf 
4X4x§ 


20X| 
"    i 

20xi 

"I 
\ 


(( 


Series  z. 


Axis  A-A. 


B*3 

Eg 


«  o 
a  "3 

.5  >* 


In.«       In.4 


'A 


In. 


AxUB-a 


•3 

O^ 


'B 


o  e 
...2 

c«   >» 


In.4   ,    In. 


12"  X  i"  Web  Plates. 


25.26 

717 

28.76 

874 

32.26 

1037 

c. 

27.94 

793 

31-44 

950 

34-94 

1113 

c  _ 

30.92 

890 

34-92 

1069 

38.92 

1254 

_ 

34.00 

971 

38.00 

1150  5. 

42.00 

1335 

5- 

•32 
•51 

.67 

•33 
•50 
.65 

.36 

•S3 
.68 

•34 
•52 
.64 


442 
499 
557 

5" 

568 

626 

737 
822 

907 
840 

926 

lOII 


4.19 

4-17 

4-15 

4.28 

4.26 

4-23 
4.88 
4.85 
4.83 

4-97 

4-94 
4.92 


14"  X  i"  Web  Plates. 


3392 
38.42 

42.92 
37-00 
41.50 
46.00 

35-44 

39-94 

44-44 
39.00 

43-50 
48.00 


1317 
1583 

1857 
1432 
1698 
1972 

1363 


6.24 
6.42 
6.58 
6.22 
6.40 
6.55 

6.20 


1629  6.39 

1903  6.55 

1494  6.19 

1760  6.36 

2034  6.51 


1093 
1215 
1336 
123s 
I3S7 
1478 

1057 
1 178 
1300 
1203 
1325 
1446 


5.68 
5.63 
5.58 
5.78 

5.72 
5.67 

S-47 

S-44 

5-41 
5.56 

5-52 

5-49 


16"  X  I"  Web  Plates. 


41.92 
46.92 
51.92 
45.00 
50.00 
55-00 

43-44 
48.44 

53-44 
47.00 

52.00 

57.00 


2234 
2622 

3022 

:2389 

I2777 

13177 

I  2298 

I  2686 

,3086 

12474 
2862 

3262 


7-30 
7.48 

7.63! 

!  7-29 1 

7-45 
17-56 , 

7.28: 

7.44 
7.60 

7.26 

7.42 

7.55 


1716  16.40 
1883  '6.34 
2049  6.28 
1903  6.50 
2069  6.43 
2236  .6.45 

1674  6.21 
1840  6.16 
2007  6.13 
1869  16.31 
6.26 
6.22 


Series  a. 


I 


In.« 


Axis  A-A. 


g'S 


I. 


In.4 


o  d 

•I  0 
•2* 


In. 


AxU  B-B. 


I1 


In.* 


o  a 


•■b 


In. 


12"  X  i"  Web  Plates. 


28.26 
31.76 
35.26 

30.94 
34-44 
37-94 
33-92 

37-92 
41.92 

37.00 

41.00 

45.00 


753 

5.16 

910  5.35 

1073 
829 
986 

5-52 
5.18 

5.35 

1 149 

5-53 

926  '5.22 

1 105  I5.40 
1290  5.55 

1007 
1186 

5.22 
5-38 

1371 

5-52 

481 

538 

595 
550 
607 
664 

786 
871 
956 
890 

975 
1060 


4-13 
4.12 

4.1 1 

4.22 

4-19 
4.18 

4.81 

4.79 
4.78 

4-91 
4.88 

4.86 


14"  X  i"  Web  Plates. 


37.42 
41.92 
46.42 
40.50 
45-00 
49-50 

38.94 
43-44 
47-94 
42.50 
47.00 
51.50 


1374 
1640 

1914 


6.06 
6.26 
6.42 


1489  6.07 
1755  6.30 
2029  6.41 

6.03 
6.23 


141S 
1686 

i960  16.42 

1 55 1  6.04 


1817 
2091 


6.22 
6.3^ 


1 183 
1304 
1426 

1325 
1446 

1568 

1130 

1251 

1373 
1276 

1397 
1519 


5.62 
5.58 

5-54 
5-72 
5.67 

5-63 

5-39 
5.37 
5.35 
5-48 

5-45 
5-43 


16"  X  1"  Web  Plates. 


2035 
2202 


45.92 
50.92 

55-92 
49.00 
54.00 
59-00 

47-44 

52.44 

57-44 
51.00 

56.00 

61.00 


2319 

2707 
3107 

2474 
2862 

3262 

2383 
2771 

3171 

2559 
2947 
3347 


7.11 
17.29 
17.46 
7.11 
7.28 

,7.44 
7.09 

7.27 
7-43 
7.09 
7.26 

7.41 


1863  6.37 
2030  16.32 
2196  I6.27 
2050  6.47 


2217 
2383 

1797 
1964 

2130 

1992 


6.41 
6.35 

6.16 
6.12 
6.09 
6.25 


2158  ,6.21 
2325  '6.19 


Scries  3. 


I 
1 


In.« 


Axis  A-A. 

Axis! 

•o 

• 

•Ba 

"B  . 

-  « 

.  0 

«•  « 

Momen 
Inerti 

i-A 
In. 

Momen 
Inerti 

1a 

Ib 

In.« 

In.« 

It 


In. 


12"  X  I"  Web  Plates. 


31.26 

34-76  I 
38.26 

33-94 
37-44 
40.94 
36.92 
40.92 
44.92 
40.00 
44.00 
48.00 


789 

946 

1 109 

865 

1022 

1 185 

962 
1 141 

1326 
1043 
1222 
1407 


5.02 
5.22 

5-39 

5.05 

5-23 
5.38 

5.10 

5.28 

.5.43 
i5.11 

15-27 
I5-41 


516  4.06 

573  406 
630  4X>6 

585  4.15 


642 

699 

833 
918 

1003 

936 

1022 

1 107 


4-H 
4-13 

4-75 
4.73 
4.72 

4.84 
4.82 

4.81 


14"  X  f "  Web  Plates. 


40.92 
45.42 
49.92 
44.00 
48.50 
53.00 

42.44 

46.94 

51-44 
46.00 

50.50 
55-00 


1431  .5-91 
1697  6.12 


197 1 
1546 
1812 
2086 

1473 

1743 
2017 

1608 

1874 
2148 


6.28 

'5-93 
6.12 

6.28 

589 
6.10 

6.26 

5-91 
6.09 

6.25 


1268 
1390 
1511 
1410 
1532 
1653 

1198 
1320 
1441 

1345 
1466 

1588 


5-57 

5-54 

5-51 
5.66 

5.62 

5.60 

5.33 
5.30 

5.29 

5^1 

5.39 
5.38 


16"  X  f "  Web  Plates. 


49.92 
54.92 
59.92 
53.00 
58.00 
63.00 

51-44 

56.44 

61.44 
55.00 

60.00 

65.00 


2405 

2793 

3193 
2560 

2948 

3348 

2469 

2857 

3257 
2645 

3033 
3433 


6.94 

7.13 
7.30 

6.95 

7.14 
7.30 

6.93 
7.12 
7.28 
6.94 
7.1 1 
7.27 


2004 
2171 

2337 
2191 

2357 
2524 

1915 
2082 

2249 
21 10 

2277 
2444 


6.34 
6.29 

6.25 

6-f3 
6.38 

6.33 
6.10 
6.07 
6,05 
6.20 
6.16 
6.13 
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TABLE  73. 
Properties  of  Four  Angles  Laced  and  Eight  Angles  Battened. 


Four  Angles. 


Eight  Angles. 


k 


Laoed  (Box  Column). 


Size 
of  An^es. 


In. 


3X3X 


t 


Area 

of  Four 

Angles. 


In.« 


Axis  A-A. 


5.76 
,    ,     8.44 

i     ii.cx) 


3i^}M 


u 


6x6x} 


4 


9.92 
13.00 
15.92 


11.44 
15.00 

i8'44 


Ia 
In.< 


sl 


\o 


'A 


In. 


In.< 


ta 


In. 


o  d 

5^ 


I-A 


In.*  i  In. 


Value  of  d  in  Inches. 


8i 


72 
102 

130 


3-53 
3.48 

344 


loi 


190 

^43 
291 


4.38 
4.32 
4.28 


12I 


316 

408 

491 


5.26 
5.22 
5.16  I 


loi 


"7 
167 

214 


4.50 

445 
441 


I2i 


284 

365 
440 


5-35 
5.30 

526 


I4i 


1744 
23.00 

28.44 

33.76 


16) 


824 
1072 
1306 
1526 


6.87 
6.82 

6.77 
6.72 


575 
i2i 


6.23 
6.19 
6.14 


18| 


1072 
1398 
1705 
1996 


7.84 

7.79 

7.74 
7.68 


I2| 


174 
249 

320 


549 
5-44 
5-39 


Hi 


398 

S13 
620 


6.33 
6.28 
6.24 


i6i 


596 
772 
935 


7.22 

7.17 
7.12 


20| 


1354 
1769 

2161 
2535 


8.81 
8.76 
8.72  I 

8.66 


i-Ai 


Battened  (Gray  Column). 


of  Angles. 


In. 


3X3xi 


({ 


it 


3K3§xf 

i 


Area 

of  Eight 

lAngles. 


In.s 


11-52 
16.88 
22.00 


tt 


{< 


4x4x1 

3 

i 


u 


« 


The  table  ^ven  above  is  intended  to  serve 
only  as  a  guide  in  the  choice  of  sections  and  not 
as  a  complete  table.  The  properties  of  other 
sections  may  be  found  as  follows: 

Example:  Required  the  properties  of  a 
square  box  column  consisting  of  4  ^  4"z4"x}", 
laced,  13  J  in.  back  to  back. 

Solution:  Table  32  evidently  applies  to 
angles  with  legs  turned  in,  as  well  as  angles 
with  legs  turned  out. 

Area,  from  Table  32  =  15.00  in.* 

/a  ™  /x,  from  Table  32  «  467  in.* 

-  /f  =  \'467  -j-  15.00  -■  5.58  in. 


v/. 


6x6xi 

1 
f 


19.84 
26.00 

31-84 


22.88 
30.00 
36.88 


Axis  A-A. 


In.« 


it 

KO 


ta 


In. 


I 


In.« 


p2o 


'A 


In. 


In.« 


In. 


Value  of  d  in  Inches. 


12I 


183 
263 

338 


3-97 

3-95 
3.92 


12I 


306 

394 
476 


3-93 
3.89 

3.87 


14I 


477 
618 

750 


4.56 

4-54 
4.51 


18) 


« 


34.88 
46.00 
56.88 
67.52 


1180 
1542 
1887 
2216 


5.82 

5.79 
5.76 

5-73 


Hi 


i6i 


251 


362  4.63 


466 


4.67'  3305.35 


4.60 


14I 


419 
542 
656 


4-59 
4.57 
4-54 


478  5-32 
616I5.29 


16I 


553 


868 


5.28 


7165.25 


i6i 


628 
815 

3^ 


5.24 
5.21 

5.18 


2C4 


5.22 


18} 


802 
1042 
1267 


5.92 

5-89 
5.86 


22} 


1463 
I9I4 

2343 
2755 


6.48  1 1 78 1 
645  2331 
642  2856 
6.39  3360 


7.14 
7.12 

7.08 
7.05 


The  table  ^ven  above  is  intended  to  serve 
only  as  a  guide  m  the  choice  of  sections  and  not 
as  a  complete  table.  The  properties  of  other 
sections  may  be  found  as  follows: 

Example:  Required  the  properties  of  a 
column  consisting  of  8  /4  4"x4"xJ",  battened, 
I5i  in.  back  to  back. 

Solution:  From  Tables  32  and  3  c  the 
moment  of  inertia  about  axis  A-A  equals  645 
+  43  ="  688  in.*  and  the  area  equals  2  X  15.00 
=  30.00  sq.  in. 

The  radius  of  gyration  equals 

f  -  V7  -J-  ^  =  >f688  +  30.00  —  4.79  in. 
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j 


-I  I 


as     i 
i.1    H 

i 


2     X3     Xii 

•HxjAx.H 
I    xjI  Xl! 

.  txj   x.ti 

I     XJikXil 


il  X*    Xil 

"HxiAxjH 

3     X*i  X3 

'        .x>, 

Jl       I  xji 


X)A  !ioA 
Xjl     ,10 
xift  loH 
xjl 
XjA 
X)t 

xjl 
XsA 


3!  X6  Xjl 
3AX6AX3A 
3!  X61  XsS 
3)  X6     Xjl 


3l  X6  X3i 
3AX6AX3A 
jl   X6l  X3I 


I  Will 

7  J-o^  3'-7  " 
I  j.o^  +1.8,  1 
I  1.9    S3-*  " 


T.   K       f 


1347  : 
166.9 
»99-4  : 


4  65.7' » 
4  85.8.  1 
4  I07.S  1 
4115.6  I 
4  138.6  2 
J  163.0  1 
3  167.3    J 

J  191.8  a 
3  lies  i 


354.3  3 
364.8  3 
J9S'S  3 


30.7f 
,1.6; 

3S-S' 


.M.6|3.9 
469.1  3.- 

566.5  3- 
579-7  3. 
621-5!  3. 

666.6  3. 


31-j; 
3484 
38.50 
40.56 
44.0J 
4764 


s 

1 

1 

1 

IS 

1 

l! 

11 

k 

j 

fl 

\i 

E 
1 

-a 

1 

1 

i 

5 

1 

^■3 

1 

m 

A 

~ 

r* 

Sa 

e 

Ib 

A 

U 

s^ 

lo.  :in.'    It 

lo. 

In. 

117 

"i^ 

IZ 

ln.> 

"i^ 

In,' 

In. 

Id. 

In. 

~u7 

VT^ 

"XA 

3   Xi   Xi 

6.37,  94.8  3.84' H-o 

3-9S 

53 

.92 

Mi 

4  X3   X 

12-50 

i6S.6  3.67'49.i 

3. 43 '26^  14b 

3   Xi   XA 

6.99,100.73.7917.5 

3-67 

6.7    .98 

5   X3   X 

11.72166.43.76,46.8 

3.55  36.5 1.;: 

3JX1   Xi 

6-63 1  98.5 '3 .86  15.9 

3-81 

8.21.1 1 

S  X3  X 

13.50  178.2  j.63!ss.9 

3.1948.9190 

3iX2  XA 

7.31  104.5:3.78119.6 

3-53 

10.3:1.19 

S  X3  X 

14.00' 178.2:3.56  5s.7'3.2o 49.7  i.sa 

4  X3   XA 

7-93  I07.93-7o3»-0 

3.3715.1:1.38 

6  X3  X 

11.84  "74.1  3.69  52-0  3-35  61.6  :.19^ 

4  X3   Xi 

8-71,111.83.60,35.8 

3.15,18.21.44 

6  X3  X 

15.00  i86.3'3.5i,6i.i  3.00  81-0  2  jJ 

S  X3  xA 

8.55  113-83-64,36.3 

3.i3>8.7i.8i 

6  X4  X 

15.50  i86.3;3-52,6i.S,3-03  82.5  J.31 

S   X3   XI 

9.47  n9-o!3-SS  40.9 

1.9134.41.91 

1         ' 

5  X3iXA 

e.87  113.9  J-S8'36.4 

3.13  28.8  ..80 

■IXI 

4  X3  X 

10.11  196,514.39  47.84-11  18.61.3; 

9.8i;ii9-o,3.47l40.9 

2.9134.61.88 

S   X3    X     110.97:207.44.3454-1  3-833S-11.7' 

5   XjiX       ii.]5'207.s  4.18:54.4  3.81  35.31.71 

liXl 

1   XliXA'  7.74'lU.3ll.84!l9.3 

1.01'   6.0I    .oc 

6  X3iX       11.09216.64.1360.53.s959.61j: 

IjiXilXA    8.D6  ,i8.s  3.83'3i.4  3-77  >°-6  i.i; 

6  X4  X     ,ii^7|2i6.74.i66o.5^3.s959.6j.I9 

14  X3   XA,  8.68  iii.7,3-76  34-0 
4  XJ   Xi  1  9-46128.4,3.6818.0 

3.61  15.5  1.34 

3-38,18.61.40 

■4X! 

4  X3   X      13.50*58.2  4.37  62.2'4.i6  26^140 

Is  Xj   XA    9-30'i29-9  3-74  38.4 
,S   X3   Xi    10.12:135.83.64143.2 

3-38,19.2  1.77 

5   Xj   X     'i4-SO273-3:4-3470-i'3-8948.9'-'4 

3.14  35.1.1-85 

5,XJ   X     ll5.00273.54-27'70-8  3-87  49-2i.Si 

iS   X3   XA    9.62,ii9-S3-8o,)8.4 

3.37.29.4!'.75 

6  X3    X      :i3.84i65.74-38|65-3  4-0761.62-11 

Is   X3   xi  jio.6oi3S-8  3.58,43.1 

3.1535.3  1.81 

6  X3    X      1I6.0028S.3I4.12I78.3  3.6481/33^6 

|6  X3   Xi    11.34  141-8  J-S4.47-9 

2.96  59.6  2.3d 

6  X4  X       16.50285.04.16:78.1,3.6581.52^4 

,6  X4  Xi  111.71  I45-03-51148.7  2.9859.61.16 

'           1                          1 

J       J    1    1      1   r  ' 

l6Xi 

5  X3iX       11.10  299.6,4-98,66^  4-51  35-3  1-7° 

12XA;4  X3    XA  10.99  149.1  3.^|4S-i  3.31  "-3  1-41 
j5   X3    Xi    10.97  150.03.6944-8  3.3S'3!.8  1.81 

6  X3ix       12.8431164.9473.34-1759-71-1' 

6  X3IX      I5.oo334.7472,8e.i3.6o8ao2.jt 

;5  xj  xt   11.],  151.5  3.6545.2  3.35  35.9  1.78 

I                    1                          ' 

■5    X3    X A  12-31  157-13-57 49.6,}.i7 420  1.85 

16XI 

6  X3iXi  114.84  382.s';-0979.S4.8i  61.62.04 

6  Xj   X^     12.09158.43.62,50.23.1660.61.24 

6  X3iXA,i5.94  399.0  5.oj;87.s  4.55  71.9  2.13 

6  Xi   XA  13-19  164.33.52  SS.o'2-9970.6  2.31 

6  X3iXi    17.00 412.4 4.9195.54-3281.01.15 

6  X4  XA  13.61  164.43.4854.83.0070.62.28 

6  X4  XI    I7.S0412.'4.85 95-64-31  81.52.1: 

TABLE  78. 
Properties  op  Top  Chord  Sections. 


Properties  <tf 

Two  Angles 

and 

One  Cover  Plate. 

Angles  Turned  Out. 


^ 


ff-T 


Short  Legs  Against 

Plate,  and  Turned  Out. 

Edges  of  Angles  Flush 

with  Edges  of  Plate. 


IB 


and  2. 


In. 
lOz} 

lOxA 

I2Z} 

I2XA 
I2Z} 

14x1 


Series  z. 


In. 


l4atA 


14^1 


i6x} 


i6xA 


i6x| 


3x2ixl 
4*3  4 

3X2§X} 

S»3ixA 

3«i3cJ 

4*3  xi 
Sx3ixA 

3x2§xi 
SX3JxA 

3X2ixJ 

5^3 ix A 
6x4  xf 

3x2§xl 

4x3  xj 

Sx3ixA 
6x4  x| 

3x2ixJ 

6x4  xf 

4^3  xi 

S3t3lxA 

6x4x1 

4x3  xi 

5x3JxA 
6x4  x} 

sx3ixA 

6x4  xf 

8x6  xA 


Axis  A-A. 


In.« 


S.I2 

5.88 

•5-74 
6.50 

5.62 
6.38 
8.12 

6.37 

7.13 
8.87 

7.12 
7.88 
9.62 

6.12 

6.88 

8.62 

10.72 

6.99 

7-75 

9-49 

11.59 

7.87 
8.63 

10.37 

I2w^7 

7.38 

9.12 

11.22 

8.38 
10.12 
12.22 

II. 12 

13.22 
17.R6 


In.« 


3-7 
8.2 

40 

8.7 

3-9 

8.5 

18.8 

4.1 

91 
19.8 

4-4 

9.5 
20.8 

4.0 

8.8 

19.3 

37-1 

4.* 

9-3 
20.4 

39-0 

4-5 
10.2 

21.4 

40.8 

9.0 
19.8 
38.0 

9-5 
20.9 

42.0 

21.9 

41.9 

106.0 


So 


ta 


In. 


.86 
1. 18 

.84 
1. 16 

1. 16 
1.52 

.80 
I.13 
1.49 

.79 
1. 10 

147 

.81 
1. 13 

1.50 
1.86 

.78 
I. II 
1.47 
1.83 

.76 
1.07 

1-44 
1.81 

1. 10 

1.47 
1.84 

1.07 

1.44 
1.81 

1.40 
1.78 
2.44 


3b: 


Sa 


In.» 


5.8 
9.0 

6.3 
lO.O 

6.4 

10.2 
15.5 

6.9 
II. I 
I7.I 

7.5 
1 1.9 

18.4 

7-0 

II.O 

17.0 
H'4 

7-7 
12.3 

18.7 

26.7 

8.2 
13. 1 
20.2 
28.7 

12.0 
18.2 
26.2 

13.2 
20.1 

28.8 

21.8 
31.0 

54-7 


m 

I 


In. 


.40 
.66 


AjdsB-B. 


In.« 


48.5 
49.0 

537 
54.2 


If 


In. 


3.08 
2.89 

3-05 
2.89 


82.8  3.84 
86. 1 ,3. 67 
98.63.48 


91.8 
95-1 


3-79 
3.65 


107.6  3.48 

100.8  3.76 
104. 1 
1 16.6 


.33 
•57 

.60 
.96 

.28 

•SI 
.85 

.22 

•43 
.76 

•32 

•55 
.89 

1.27 

.24 

•45 
.78 
1. 15  193.44.08 

.18  1 57-04-47 

.37  164.5  4.37 

.69  i87.7'4.25 

1.04  207.74.08 

.50  199.5  5-20 

.84*236.8  5.09 

1.20  271.3  4.91 


.41  220.95.13 

.73  ,258.115.05 
1.08  292.7 1 4.90 


Series  a. 


128.4 

1359 
1 59. 1 

179.I 


3.64 
3.48 

4.58 

4^45 
4-30 
4.09 


142.7  4.52 
150.2*4.40 
i73-4l4^27 


.63  279.4' 5.02 

.98  314.04.87 

1.56  307.84.15 


In. 


3x2|x| 

4x3  xl 

3X2jxf 

4x3  xf 

3x2§xf 
4x3x1 
5x3lxA 

3X2ixl 
4x3x} 
5x3ixA 

3x2lx} 
4x3  x| 

5x3lxA 

3X2ix| 
4x3  xi 

5x3lxA 
6x4  Xf 


t2 


In.> 


Ads  A-A. 


6.34 
7.46 

6.96 
8.08 

6.84 

7.96 

10.06 


3x2ixj 
4x3  xj 

5x3 ix| 

6x4  xi 


7-59 
8.71 

10.81 

8.34 
9.46 

11.56 

7-34 

8.46 

10.56 
13.00 

8.21 

9.33 
A  "43 

i  13.87 


3X2ix# 
4x3  xf 
5x3lxA 

6x4  xi 


9.09 
10.21 

12.31 

14-75 
8.96 


4x3  x} 

5x3  §x  A  1 1 .06 
6x4  xJ  113.50 


4x3. xf 

5x3 
6x4 


9.96 


5x3ixA' 12.06 
xJ  114.50 


In.« 


5-1 
I1.2 

5.6 
1 1.9 

5.3 


11 
11 


Ta 


In. 


.90 
1.23 

•90 
1.22 

.89 


11.6  1.21 


Sa 


In.» 


243 

5-7 
12.4 


1.56 

.87 
1. 19 


6.6 
10.6 

7^3 
11.5 

74 

11.7 

I7^9 

8.0 
12.7 


25.61.54  194 


6.1 
13.0 
26.9 

5-5 
12.0 

25.0 

46.2 


.86 

1. 18 

153 

.87 

1. 19 
1.54 
1.88 


5.9  .85 
12.8:1.17 

26.4' 1.52 


48.6 

6.3 

13s 
27.6 

50.8 

12.3 
25.7 
47-4 

13.1 
27.1 

49-9 


5x3ixA,  13.06  28.5 
6x4  xJ  [15.50'  52.2 

8x6  xAi2i.i2li29.6 

I    I  ^ 


1.87 

.83 
1. 15 
1.50 
1.85 


8.6 
13.8 
20.7 

8.1 
12.7 
19.2 

27.7 

8.7 
13.9 
20.9 
30.0 

9.4 
14.8 

22.4 

32.0 


1. 18  13.8 
1.52  >  20.6 
1.87  ;  27.4 

I-I5  I  I5-I 
1.50,  22.6 

1.85  32.0 


1.48 
1.83 
2.48 


24.4 

34.3 
61.4 


1 

8 
u 


AxisB-B. 


In. 


53 
81 

46 
73 

48 

75 
II 


41 
66 

01 


34 
58 
92 

44 
70 
05 
42 

37 
61 

95 
31 

30 

53 
86 

22 

65 

00 
36 

56 
89 
25 

80 

15 
74 


In.« 


it 

So 


tb 


62.5 
63.0 

67.7 
68.2 

106.2 
1 10.7 
124.0 

115.2 
1 19.7 
133.0 

124.2 
128.7 
142.0 

163.5 

174-3 
199.8 

220.9 

1777 
188.6 

2 14. 1 
235.1 

192.0 
202.9 


In 


228.4I4.31 


3.14 
2.91 

3  12 
2.90 

3.94 
3.73 
3.51 

3.89 
3-71 
3-51 

3.86 
3.69 
3.50 

4.72 

4-54 

4-35 
4.12 

4.65 

4.49 

4-33 
4.1 1 

4-59 
4.46 


249.5 


4.1 1 


254-8  5.33 
296.9'  5.18 


334^4 

276.2 
318.2 

355.7 

339.6 

377.0 
361.3 


4.98 

5.27 
5.14 

4.95 

5.10 

4-93 
4-13 
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TABLE  79. 
Properties  of  Top  Chord  Sections. 


T>w%T\*r*t«M  Af 

1 

!^ 

.  i 

^m, 

Two  Angles                               A 

ci.LTri 

h-1'  .                          SAort  i^egs  Against                      1 
L?.^                       Plate,  and  Turned  In. 

and 
One  Cover  Plate. 
Angles  Turned  In. 

1       ;       II  T                            Backs  of  Angles  Flush 
1        U                                  with  Edges  of  Plate. 

IB 

Series 
land  a. 

1 

1 

In. 
8x} 

Series  i. 

Series  3. 

1 

• 

1 

1 

AjdsA-A. 

AxisB-B. 

1 

c 
< 

1 

1 
1 

Axis  A-A. 

AzisB-B. 

Moment 
of  Inertia. 

Radius  of 
Gyration. 

Section 

Modulus, 

Upper  Fiber. 

• 

1 

Moment 
of  Inertia. 

Radius  of 
Gyration. 

Moment 
of  Inertia. 

Radius  of 
Gyration. 

Section 

Modulus, 

Upper  Fiber. 

•0 

6 

u 

Moment 
of  Inertia. 

Radius  of 
Gyration. 

A 

In.s 

4.62 

Ia 

In. 
0.88 

Sa 
In.« 

51 

e 
In. 

.46 

Ib 
In.« 

414 

fB 

In. 
2.99 

vs 

A 

In.« 

5.84 

Ia 
In.* 

4-9 

'A 

In. 
.91 

Sa 

e 

Ib 

rs 

In. 

3^05 

In. 

In.« 

In. 

In.«  '  In.      ln.« 

'          1 

5.81  .59!  54-3 

3X2jxi 

3.6 

3x2§xi 

I( 

4x3  xi 

5.38 

7.9 

I.2I 

8.1 

•73 

494 

3.03 

4x3  xi 

6.96 

10.8 

1.25 

9.6 

.88 

66.0 

3^)8 

8xft 

3x2ixl 

S.I2 

3-9 

0.87 

5.6 

.39 

44.0 

2.93 

3X2ixi 

6.34 

5.3 

.91 

64 

.52 

57.0 

3.00 

«< 

4x3  xi 

5.88 

84 

1.20 

8.7 

.65 

52.1  2.98 

4x3  xi 

7.46 

II.4 

1.24 

10.3  1  .80  j  68.6 

3.03 

loxi 

3X2§X} 

5.12 

3.8 

0.86 

5.8 

41 

717 

3.74 

3x2§xi 

6.34 

52 

.90 

6.6 

.53     93-6  3.84 

« 

4x3  X, 

5.88 

8.4 

1. 19 

9.2 

.66 

85.0,3.80 

4x3  xi    7.46 

11.3 

1.23 

10.6 

.81  ,113.013.89 

(« 

5x3ixA 
0x4  x} 

7.62 

18.1 

I.S4 

14.1 

1.03  II4.9'3.88 

5X3ixA    9.56 
6x4  xj    12.00 

23.5 

1.57 

16.5;  I.I  7;  147.9 

3.93 

i( 

9.72 

34-9 

1.89 

21.0 

1.41 

149.6 

3.92 

43-7 

I.91 

24.3 

1-55 

186. 1 

3-94 

lOxA 

3X2§X} 

574 

4.1 

0.83 

6.2 

.33 

76.9 

3.66 

3X2ixi     6.96 

5.6 

.90 

7-3 

.46 

98.8 

3.76 

(i 

4x3  x} 

6.50 

8.8 

1. 16 

1 0.0 

•57 

90.2  3.72 

4x3  xf  1  8.08 

12.0,1.22 

11.5 

•73 

1182  3.82 

«( 

5x3ixA 

8.24 

19.2 

1.53 

155 

.93 

120. 1  3.82 

5x3§xA  10.18    24.7  1.56 

17.8 

1.08 

153.2  3.88 

<« 

6x4  xf 

10.34 

36.7 

1.88 

22.6 

1.3 1 

154.9 

3.87 

6x4  x\    12.62 

45.6 

1.90 

25.8 

1.46 

191.3 

3.89 

loxi 

3Xi§xi 

6.37 

4.2 

0.81 

6.6 

.26 

82.1 

3.59 

3X2§xi      7.59      5.9 

.88 

7-7 

•39 

104.0 

3.70 

u 

4x3  xi 

7.13 

9-3 

1. 14 

10.6 

.49 

954  3.66 

4x3  xi  1  8.71!  12.61.20 

12.2 

.66  1234!  3.76 1 

u 

5x3 lx A 

8.87 

22.0 

1.50 

16.5 

.84  125.4  3.76 

5x3  ixA  10.81    25.9' U54 

18.8 

1. 00  1584 

3.83 

i( 

6x4x1 

10.97 

38.2 

1.87 

24.0 

1.21 

160.0 

3.82 

6x4  xi    13.25    47.5|i.89 

27.3 

1.37 

196.5 

3.85 

I2X} 

4x3  xi 

6.38 

8.6 

1.16 

10.2 

.60 

132.3 

4.55 

4x3  xi 

1 
7.96    11.7  1.21 

11.7 

•75 

175.0  4.69 1 

« 

5x3 }x A 

8.12 

18.8 

1.52 

15s 

.96 

177.8  4.68 

5x3ixA  10.06   24.3  1.56;  17.9' 

I.I  I   2284  4.76 

(( 

6x4  xi 

10.22 

36.0 

1.88 

22.8 

1-33 

230.64.76 

6x4  .xi    12.50 

45.0  1.90 

26.0 

1.48 

287.0 

4.79 

I2XA 

4x3  xi 

7.13 

9.1 

1. 13 

II. I 

.51 

141.3 

4.45 

4x3  xi    8.71 

12.4 

1. 19 

12.7 

.66 

184.0 

4.60 

(( 

5x3 ix A 

6x4  xi 

8.87 

19.8 

1.49 

17.1 

.85 

186.8 

4.59 

5x3ixA  10.81    25.6;  1.54 

19.4  1. 01 

237.6 

4^69 

tt 

10.97 

37.9 

1.86 

24.8 

1.22 

239.6 

4.67 

6x4  xi    13.25 

47.2  1.89 

27.9 

1.38 

296.0  4.73 
193.0  45^ 

I2xf 

4x3  xi 

7.88 

9-5 

1. 10 

11.9 

43 

150.3 

4-37 

4x3  xi     9.46 

13. 1 

1. 18 

13.8 

.58 

{( 

SX3JxA    962 

20.8 

1-47 

1S.4 

.76  195-814.51 

5x3ixA  11.56   26.91.53 

20.7    .92 

246.6  4.61 

i( 

6x4  x| 

11.72 

39.6 

1.84 

26.4 

1. 12 

248.6 

4.61 

6x4  xi  14.00 

49.2,1.87 

29.6 

1.29 

305.0  4.67 

I4xj 

4x3  xi 

6.88 

8.8 

1.13 

II.O 

.55 

1924 

5.29 

4x3  xi  8.46  12.01.19 

12.7 

.70  252.9I  547 1 

i( 

SX3§xA    8.62 

19.3 

1.50 

17.0 

.89  257.05.46 

5x3ixA  10.56   25.01.54    19.2!  1.05  328.95.581 

{( 

6x4  xi  10.72 

37.1 

1.86 

244 

1.27 

332.2j5.56 

6x4  xi  13.00 

46.2  1.88 

27.7 

1.42 

412.9 

5.63 

i4xA 

4x3  xi 

7-75 

9-3 

I. II 

12.3 

45  206.7 

5.16 

4x3  xi    9.33 

12.8  1. 17 

13.9 

/Jt 

267.2 

5-34 

(( 

Sx3ixA!  9-49 

20.4 

1-47 

18.7 

.78;  271 .3 

5-34 

5x3ixA'ii.43 

26.4  1.52 

20.9 

•95 

343^1  548 

« 

6x4  xi 

11.59 

39.0 

1.83 

26.7 

1.15 

346.4  5.46 

6x4  xJ    13.87 

48.6 

1.87 

30.0 

1.31 

427.2  5.54 

i4xi 

4x3  xi 

8.63 

9-9 

1.07 

13. 1 

.37 

221.05.06 

4x3  xi    10.21 

13.5 

1.15 

14.8 

•53 

281.5 

5^25 

tt 

Sx3ixAi  10.37 

21.4 

1.44 

20.2 

.69 

285.5I5.24 

5X3ixA  12.31 
6x4  xi    14.75 

27.61.50 

22.4 

.86 

3574  5^39 1 

<{ 

6x4  xi 

12.47 

40.8 

1.81 

28.9 

1.041360.6 

5.38 

508,1.85 

32.0 

1.22 

4414 

547 

ti 

8x6  xA'17.11 

103.7 

2.46 

51.6 
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10 

25.00 

14XA 
14X1 

7i 

19.08 

1. 18 

271.8 

383.9 

3.77 

4.48 

iij 

itt 

•?; 

i 

74 

tt 

1995 

1.37 

286.2 

398.2 

3.79 

4.47 

it 

*c 

75 

i6Xf 

9l 

20.70 

1.50 

296.8 

588.8 

3.79 

5.33 

•?.» 

It 

ft 

76 

16XA 

tt 

21.70 

1.62 

313.6 

610.1 

3.80 

5.30 

« 

tt 

77 

18XA 

Hi 

22.58 

1-73 

325.2 

851.4 

3.79 

6.14 

•5* 

(1 

tt 

78 

i8Xi 

tt 

23.70 

1.99 

336.0 

881.8 

3.77 

6.10 

«4 

*t 

1 

I 

i 
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r-  p 

1 

PropcrtisDf 
HUhway  BlidEC 

.4] 

Li 

FourAnfk* 

uul 

Top  Chord  SrctloDi. 

4 " 

ThiwPlaua. 

u 

1 

Momnuof 

Itadflof  Gjia- 

FUtc. 

AlvlH. 

Eccen- 

lunia. 

tioa. 

tridly. 

Aiii    1    As* 

An        AzU 

Section 

A-A.  '   B-B 

Number. 

Web. 

a^. 

Top. 

A 

e       1      Ia      r    Ig           'A            '■      1 

Inche.. 

iDClM*. 

inchn. 

I«h«.             IDCIH'. 

Incbe*.  1  Inched.  lochef. 

IiiclH.|lKbs. 

.....,-s^.   .s^                                                   1 

ll"ii" 

'*";*" 

■liJliA 

2I1I1IA 

16.26 

1.66 

359 

351 

4-7° 

4.1,5 

i 

;:  j^ 

17.76 

1.52 

38I 

378 

4-63 

*-^l 

3 

19.16 

1.40 

402 

4<H 

4-57 

4-S8 

"  t 

M.76 

l.JO 

413 

419 

4-51 

4-S5 

S 

12.26 

443 

453 

4-46 

4-Sl 

6 

*'  f 

23.76 

1.14 

463 

476 

4-41 

4^8 

7 

" 

" 

15.26 

1.07 

483 

498 

4-37 

4-44 

•8 

iixi 

wA 

JiuJ.A 

2!l!|,i 

16.80 

1.45 

384 

367 

4-78 

4.67 

9 

i8.]0 

133 

40s 

394 

4.70 

4.63 

10 

19.80 

M3 

4*S 

420 

4.63 

4.60 

"t 

ll.JO 

1.14 

44S 

♦4S 

4-57 

4-S7 

12.80 

1.07 

46s 

469 

4-53 

4-54 

13 

"t 

14.30 

1. 00 

48s 

491 

4-47 

4-50 

M 

15.80 

0.94 

504 

S14 

4.42 

447 

•is 

izxi 

i4jA 

iinl.A 

■i."ilft 

17.31 

i-iS 

40s 

383 

4.83 

4.70 

|6 

"  f 

18.81 

1.16 

41s 

410 

4-75 

4.66 

1? 

1.06 

44S 

436 

4.68 

4.63 

IS 

"t 

li^Si 

0.99 

46s 

461 

4.6. 

4-59 

19 

13-31 

093 

484 

48s 

4-S5 

4.56 

24.81 

0,87 

S03 

S08 

4.50 

+■51 

11 

"  i 

" 

16.31 

0.81 

S12 

530 

4.46 

4-49 

'11 

12X1 

njft 

zWiiA 

«!nW 

1782 

1.07 

4:2s 

398 

4.8S 

4-73 

23 

'■    t 

19.31 

0.99 

444 

41s 

479 

469 

24 

20.81 

agi 

463 

451 

4-71 

4.6s 

IS 

'•'t 

21.32 

0.86 

483 

476 

4.65 

4.61 

i6 

23,81 

0.80 

S02 

500 

4.S9 

4.58 

"t 

15.32 

0.7s 

511 

523 

4-S4 

4SS 

18 

" 

" 

26.81 

0.71 

54c 

S4S 

4-49 

451 

•z9 

12X1 

Kjft 

.i«i.A 

.i«!»A 

18.31 

0-91 

441 

4"4 

4.91 

4^75 

30 

19.82 

0.8+ 

ilj 

441 

4.82 

4-71 

3' 

II 

0.78 

480 

467 

4-74 

468 

31 

e.73 

499 

492 

4.67 

4-64 

33 

" 

14-31 

0.68 

518 

S16 

4.61 

4.60 

34 

'■f' 

25.82 

0.64 

S36 

539 

4-S6 

4-S6 

3S 

" 

" 

17.32 

0.6 1 

S5S 

561 

4S' 

4S3 

•Sp 

acing  of  rivet  lines  0 

web  greater  tlaan  30  X  ttiicit 

ess  of  plate. 
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TABLE  SS.—CanUnued. 
Properties  of  Top  Chord  Sections. 


• 
• 

T"ii 

T' 

} 

Propertietof 
Highway  Bridge 

ML... 

I 

1    ~-* 

$ 

Four  Angles 
and 

Top  Chord  SectioM. 

4 

Three  Plates. 

1 

1 
1 

• 

ill 

• 

• 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

Moments of 
Inertia. 

Radii  of  Gyn- 
tion. 

#%           a  9 

1 

tricity. 

Axis 

Axis 

Axis 

Aads 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

f 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

1a 

Ib 

^A 

rB 

Inches. 

Inches. 

Inches. 

Inches. 

IncheH*. 

Inches. 

Inche8«. 

Inches^. 

Inches.  Inches. 

' 

« 

14"  X  16''  Section.    A  Series.  . 

*7i 

14x1 

l6x| 

3X3xA 

3x3xA 

20.12 

2.14 

606 

546 

5-49 

S.2I 

•72 

~t 

« 

ft 

ff 

21.87 

1.97 

641 

585 

5.41 

517 

73 

«« 

(i 

ff 

23.62 

1.82 

677 

623 

5.35 

513 

- 

74 

"A 

if 

(» 

ft 

25.37 

1.70 

7" 

660 

5.29 

5.10 

75 

"J 

<i 

(( 

ff 

27.12 

1.59 

744 

696 

5.24 

5.06 

76 

::f 

« 

fi 

ff 

28.87 

1.49 

777 

731 

5.19 

5.02 

77 

(( 

{( 

ff 

30.62 

I.41 

808 

765 

5.14^ 

4-99 

•78 

I4xi 

i6x| 

33C3xA 

3x^x1 

20.78 

1.88 

648 

570 

5.58 

5.24 

•79 

't 

i< 

« 

22.53 

1-73 

683 

609 

5.50 

5.20 

80 

(( 

« 

ff 

24.28 

1. 61 

716 

647 

5-43 

5.16 

- 

81 

"A 

« 

« 

« 

26.03 

1.50 

749 

684 

5.36 

5.12 

82 

"J 

« 

« 

« 

27.78 

1.41 

781 

720 

5.30 

5.09 

83 

9 

« 

« 

t< 

29.53 

1.32 

813 

755 

5.25 

5.06 

84   . 

« 

{< 

<f 

31.28 

1.25 

845 

789 

5.20 

S'<H 

♦8s 

14x1 

i6x| 

33C3xA 

3x3xA 

21.44 

1.64 

688 

594 

5.66 

5.26 

•86 

"A 

n 

{< 

ff 

23.19 

1.52 

722 

633 

S.58 

5.22 

• 

87 

"1 

tt 

« 

« 

2494 

1.41 

786 

671 

SSO 

5.18 

88 

"t 

tt 

« 

f( 

26.69 

1.32 

708 

5.42 

515 

89 

« 

ft 

ff 

28.44 

1.24 

816 

744 

5.36 

5.11 

90 
91 

"f 

« 

(f 
ff 

30.19 
31.94 

1. 17 
1. 10 

848 
879 

779 
813 

5.30 
5.24 

5.08 
5.04 

*92 

I4xi 

i6x| 

3x3xA 

3x?xi 

22.06 

1-43 

721 

618 

5.72 

5.29 

*93 

■■t 

(( 

i( 

23.81 

1.32 

755 

657 

5.63 

5.25 

94 

• 

fi 

ff 

25.56 

1.23 

786 

695 

5-54 

5.21 

95 

■■t 

« 

if 

ff 

27.31 

LIS 

818 

732 

5-47 

5.18 

96 

« 

f( 

ff 

29.06 

1.08 

848 

768 

5.40 

SH 

97 

't 

(( 

f( 

« 

30.81 

1.02 

879 

803 

5.34 

5  10 

98 

(( 

ff 

ff 

32.56 

0.97 

909 

837 

5.28 

5.07 

*99 

I4x} 

i6xi 

3X3^A 

3x3xA 

22.68 

1.23 

756 

641 

5.77 

531 

*ioo 

■  t 

if 

ff 

ff 

24.43 

1.14 

787 

680 

5.67 

5.27 

lOI 

(( 

ff 

ff 

26.18 

1.07 

817 

718 

5.58 

524 

102 

■■t 

«i 

ff 

ff 

27.93 

1. 00 

848 

755 

5.50 

5.20 

103 

if 

ff 

ff 

29.68 

0.94 

878 

791 

5-43 

5.16 

104 

"A 

n 

ff  ■ 

ff 

3143 

0.89 

908 

826 

5-37 

5.12 

105 

"  i 

u 

ff                ff 

33.18 

084 

938 

860 

5-32 

5.09 

*sr 

►acing  of  rivet  lines  0 

>f  web  greater  than  30  X  thickness  of 

plate. 
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TABLE  83.—Cimliniitd. 
Pboperties  of  Top  Chord  Sections. 


Number. 

Web.      1      Cover. 

Too. 

Bottom. 

A 

Ib 

r.            r.     1 

Idchei.    :     Incbe* 

iDcbet. 

Incbe*. 

Iticha-.     iDc 

Jia.|liid»<. 

liicba<. 

iDClH. 

lodH. 

•141 

14.1 

I6<( 

3»3,jA 

4«3»A 

23.80        0 

^ 

814 

7*4 

5-88 

5-5' 

•141 

''t 

15.55        0 

79 

853 

763 

S-77 

5^7 

'+J 

27.30        0 

74 

883 

801 

5.68 

S-4i 

144 

'■t 

29.0s       0 

69 

913 

838 

5.60 

S-37 

I« 

30.  So       0 

65 

941 

874 

S-Si 

S-31 

1+6 

-t 

J2.SS          0 

61 

97" 

909 

5-46 

5.28 

147 

" 

"' 

" 

34.30       0 

59 

1000 

943 

S-to 

s-u 

•148 

141} 

i6ii 

3i3jA 

*-?,'" 

24.52       0 

6S 

856 

756 

S-9' 

5-55 

•149 

•'  t 

26.27       0 

61 

884 

795 

S.BO 

5-50 

ISO 

57 

9'4 

833 

57' 

5-45 

'S« 

'••  t 

19.77       0 

54 

942 

870 

S.62 

54' 

"SI 

31.52       0 

S' 

972 

906 

s-ss 

536 

■53 

"t 

'.'. 

33.27       0 

48 

941 

548 

5-3* 

'54 

" 

3S-0I       0 

46^ 

1030 

975 

5-41 

5.18 

4"  X  .7"  a 

KtlOO. 

1 

::p 

'*"ft 

'^f^ 

3t)fA 

4^3fA 

11.11      I 

96 

66s 

704 

S.6I 

5-77 

11.S7     1 

81 

699 

751 

SSI 

HI 

157 

24.62       1 

69 

734 

797 

S-45 

5.68 

158 

"t 

26.37     1 

57 

767 

842 

5.39 

S-6S 

'59 

18.11      I 

47 

800 

8B6 

5-33 

5.61 

160 

"t 

19.87     I 

39 

833 

919 

S.18 

5-57 

161 

" 

3.61    . 

)' 

864 

97' 

5.11 

554 

■162 

•e^ 

i7;<i 

jjjiA 

413^1 

21.90      1 

67 

715 

743 

5-7" 

5-S* 

•163 

13.65      I 

55 

748 

T*i 

S.62 

5-77 

164 

" 

15.40     I 

44 

780 

836 

5-54 

S-7J 

i6s 

27.15      ' 

35 

8'J 

881 

S-47 

S.69 

166 

18.90       1 

17 

845 

91s 

5-4' 

5.65 

167 

"f 

J0.65     1 

19 

875 

968 

5-35 

^■^\ 

168 

" 

" 

32.40      1 

13 

907 

lOIO 

S.19 

S-58 

•169 

Tp 

171* 

3XJfA 

4»3?A 

22.68            I 

40 

76. 

78" 

S.79 

5f 

•170 

24.43      I 

30 

791 

B18 

S-69 

;.8i 

171 

;; 

16.18      I 

824 

874 

S.60 

5-77 

172 

'■■  t 

27.93     " 

"4 

855 

919 

553 

S.73 

'73 

19.68     I 

07 

886 

963 

S-46 

5.69 

174 

■  t 

3 '43         1 

917 

1006 

S-40 

S.65 

I7S 

" 

33.-8        0 

96 

946 

1048 

5-34 

5-6" 

•Sp 

acing  of  rivet  lines  of  web  grea 

tcr  than  3 

0  X  thicknes 

ofpUte. 
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TABLE  SS,— Continued. 
Properties  of  Top  Chord  Sections. 


% 

* 

• 
1 

r.'i 

1    ■ 

• 

T 

1 

.  Properties  of                         fdLt—.__ 

• 

.  _—. -- ii*                          Four  Angles 
TIC.                                 and 

Highway  Bridge                           \ 

Top  Chord  Sectlona.                     ef 

• 

1^ 

^                           Three  Plates. 

« 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

Moments of 
Inertia. 

RadU  of  Gyra- 
tion. 

f^       At 

tricity. 

Axis 

Asds 

Axis 

Axis 

SecUon 
Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

Ia 

Ib 

^A 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inchesii. 

Inches. 

Inches«. 

Inches^. 

Inches. 

Inches. 

♦176 

^ft 

I7x| 

3x3fA 

4^2x1 

23.44 

I.17 

801 

819 

5.84 

5.90 

♦177 

"t- 

(( 

t( 

25.19 

1.09 

832 

866 

5.75 

5.86 

178 

(( 

(( 

« 

26.94 

1.02 

862 

912 

5.66 

5.82 

179 

~t 

«< 

« 

« 

28.69 

0.96 

893 

957 

5.58 

5.78 

180 

« 

« 

30.44 

0.90 

923 

lOOI 

5.51. 

5.74 

181 

~t 

ii 

« 

« 

32.19 

0.85 

953 

1044 

5.44 

5.70 

182 

i€ 

« 

« 

33.94 

0.81 

983 

1086 

5.38 

5.66 

♦183 

i«(. 

mi 

33^31* 

*  4x3xA 

24.18 

0.94 

839 

858 

5.89 

5.95 

♦184 

~t 

f< 

i< 

if 

25.93 

0.88 

869 

905 

5-79 

5.90 

I8s 

(( 

« 

(f 

27.68 

0.82 

898 

951 

5.69 

5.86 

186 

«f 

(( 

f< 

« 

29.43 

0.77 

928 

996 

5.61 

5.81 

187 

it 

« 

« 

31.18 

0.73 

958 

1040 

5-54 

5.77 

188 

« 

tt 

« 

32-93 

0.69 

987 

1083 

5-47 

5.73 

189 

ii 

M 

t< 

34.68 

0.66 

1017 

1125 

5.41 

5.69 

190 

"H 

« 

(i 

(( 

36.43 

0,63 

1046 

1166 

5.35 

5.65 

*I9I 

'P*. 

I7xf 

3x3xA 

4x3xt 

24.90 

0.75 

871 

895 

5.91 

5-99 

*I92 

"  A 

i< 

(( 

(f 

26.65 

0.70 

901 

942 

5.81 

5.94 

193 

"  K 

« 

(( 

(( 

28.40 

0.66 

930 

988 

5.72 

5.89 

194 

^ 

U 

« 

ti 

30.15 

0.62 

959 

1033 

5.64 

5.85 

195 

*. 

« 

« 

« 

31-90 

0.59 

988 

1077 

5.56 

5.81 

196 

« 

(f 

« 

33-65 

0.56 

1018 

1120 

5.50- 

5-77 

1^7 

(1 

t( 

« 

35.40 

0.53 

1047 

1162 

5.44 

5.73 

198 

4 

(( 

(< 

(( 

37-iS 

0.50 

1076 

1203 

5.38 

5.69 

199 

i( 

(( 

u 

38.90 

0.48 

1105 

1243 

5.33 

5.65 

"•200 

'H'K 

I7xf 

3x3xA 

4x3xH 

25.62 

0.57 

903 

931 

5.94 

6.03 

♦201 

"t 

« 

(( 

« 

27-37 

0.53 

931 

978 

5.84 

5.98 

202 

it 

(( 

« 

29.12 

0.50 

961 

1024 

5.7? 

5.93 

203 

"f 

« 

(f 

(( 

30.87 

0.47 

990 

1069 

5.66 

5.88 

204 

(f 

« 

(1 

32.62 

0.45 

1018 

1113 

5-59 

5.84 

20s 

"^ 

« 

« 

« 

34-37 

0.42 

1048 

1156 

5.53 

5-8o 

206 

.!( 

(( 

(( 

« 

36.12 

0.40 

1076 

1198 

546 

5.76 

207 

"4 

« 

(( 

(( 

37-87 

0.38 

1105 

1239 

5.40 

5.72 

208 

4  - 

t( 

it 

(( 

39.62 

0.37 

"35 

1279 

5-35 

5.68 

•Sp 

acing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  SS.^CofUinued, 
Properties  of  Top  Chord  Sections. 


r 

• 
• 

1 

1 

f 

T 

1 

Proi)ertiet  of 

Highway  Bridge 

Top  Chord  SectioM. 

4L.._ 
4-- 

I 

If 

f 

• 
1 

Four  Anflet 

and 

TfareePiatci. 

• 

II* — i  .y.- 

• 

Platet. 

Andes. 

1 

1 

Gross  Area 

Eccen- 

Momenuof 
Inertia. 

Radii  oT  Gyis- 
tioo. 

tridty. 

Axis 

Axis 

Axis        Axis 

Section 

A-A. 

B-B. 

A-A.      B-B- 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

Ta           ^ 

Inches. 

Indies. 

Indies. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches.'  Inches. 

is"  X  17"  Section. 

*209 

■?jk 

ml 

3X3xA 

4X33cA 

23.50 

1.89 

821 

766 

5.91 

^T 

*2IO 

ti 

it 

u 

25.38 

1.75 

862 

816 

5.83 

^i^ 

211 

~t 

« 

if 

n 

27.25 

1.63 

902 

865 

5.75 

5.63 

212 

(( 

if 

it 

29.13 

1.52 

942 

912 

5.68 

^•5? 

213  • 

if 

h 

« 

ft 

*t 

31.00 

1-43 

983 

958 

5.62 

5.56 

214 

<i 

(( 

ft 

ti 

32.88 

1-35 

102 1 

1003 

5-57 

5-52 

215 

u 

i 

« 

if 

ii 

34-75 

1.28 

1059 

1047 

5.52 

549 

216 

4 

« 

ft 

ti 

36.63 

1.21 

1097 

1090 

547 

546 

♦217 

'^^f 

I7x| 

3X3xA 

4x3^1 

24.28 

1.61 

877 

807 

6.01 

5.76 

♦218 

it 

it 

ii 

26.16 

1.49 

917 

857 

5.92 

HI 

219 

■t 

t( 

u 

it 

28.03 

1.39 

956 

906 

5.84 

^f 

220 

ii 

€t 

it 

29.91 

1.31 

994 

953 

5-76 

5.64 

221 

"     1 

;  1 

i( 

tf 

it 

31.78 

1.23 

1033 

999 

5-70 

5.60 

222 

It 

H 

it 

33.66 

1. 16 

1071 

1044 

5.64 

5.57 

223 

f< 

ft 

it 

35.53 

1. 10 

1 108 

1088 

5.58 

5-54 

224 

ii 

tf 

ti 

37.41 

1.05 

1145 

1131 

5.53 

5-50 

*225 

'i'f 

17^1 

3x3xA 

4X33cA 

25.06 

1.36 

929 

845 

6.08 

5.81 

♦226 

it 

ti 

it 

26.94 

1.26 

967 

895 

5-98 

5-76 

226 

■t 

if 

ft 

ti 

28.81 

1. 18 

1005 

944 

5.90 

5-72 

227 

if 

if 

it 

30.69 

I. II 

1042 

991 

5.82 

5-68 

228 
229 

it 

ft 

ft 
(f 

ti 
tt 

32.56 
34-44 

1.04 
0.99 

1080 
1117 

1037 
1082 

5.76 
5.69 

5.^ 
5.61 

230 

4 

{( 

(( 

it 

36.31 

0.94 

I154 

1126 

5.63 

5-57 

231 

f< 

if 

tt 

38.19 

0.89 

1191 

1169 

S.58 

5.53 

♦232 

'^  1 

I7x| 

3x3xA 

4x?.xi 

25.82 

1. 13 

973 

883 

6.14 

5.84 

♦233 

i( 

if 

27.70 

1.05 

lOIO 

933 

6.04 

5.80 

234 

■•t 

ii 

f( 

ft 

29.57 

0.99 

1047 

982 

5-95 

5.76 

23  s 

if 

<t 

tf 

31.45 

0.93 

1084 

1029 

5.87 

5-72 

236 

"  A 

if 

(f 

tt 

33.32 

0.88 

1121 

1075 

5-79 

5.68 

237 

ii 

ft 

ft 

it 

35.20 

0.83 

1158 

1120 

.  5.73 

5.^ 

238 

"  i 

ft 

ft 

ti 

37.07 

0.79 

"94 

1 164 

5.68 

5.61 

239         "  i 

ft 

it 

ti 

38.95 

0.75 

1230      1207 

5.62 

5-57 

*  spacing  of  rivet  lines  0 

f  web  greater  than  30  X  thickr 

less  of  plate. 
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TABLE  ^.—Continued. 
Properties  of  Top  Chord  Sections. 


? 


Properties  of 

Highway  Bridge 

Top  Chord  Sectioot. 


Section 
Number. 


♦272 

*273 

274 

275 
276 

277 
278 

279 
*28o 

*28l 

282 
283 
284 

285 

286 

287 

♦288 
♦289 

290 
291 
292 

293 
294 
295 

♦296 

*297 
298 

299 

300 

301 
302 

303 


Four  An^et 

aad 
Three  Plates. 


t 

k 


Plates. 


Web. 


Inches. 


Cover. 


Top. 


Indies. 


is^^A 

i8xA 

"i 

4i 

■■t 

ii 
« 

• 

« 

vt 

l8xA 

it 

■t 

« 

"  A 

« 

s 
« 

:< 

"  li 

« 

• 
4 

t( 

•i'f 

i8xA 

~t 

■  t 

(( 

• 

« 
it 

■j'f 

i8xA 

it 

::f 

ii 

it 

fi 

If 

(i 

it 

« 

i 

if 

"   4 

1 

it 

Inches. 


3X3xA 


3x3xA 


3x3xA 


33C3xA 


Eles. 

Gross  Area. 

Eccen- 
tricity. 

Bottom. 

A 

e 

Inches. 

Incheil>. 

Inches. 

4x31! 

it 

25.78 
27.66 

1.97 

1.84 

ti 

u 
it 
if 

29.53 
31.41 

33.28 

35-16 

1.72 
1.62 

1.53 
1-45 

ft 
if 

37-03 
38.91 

1.37 
1.31 

4x3xA 
ft 

26.56 
28.44 

1.72 
1.61 

ft 

30.31 

1.51 

ft 
It 
ft 
if 
it 

32.19 
34.06 

35-94 
37.81 

39-69 

1.42 

1.35 
1.28 

1.21 

1.15 

4x^xi 

27-32 
29.20 

1.50 
1.40 

if 

31.07 

1.32 

ft 
ft 
ft 
« 

32.95 
34.82 

36.70 

38.57 

1.24 
1. 18 
1. 12 
1.06 

ff 

40.45 

1. 01 

4x3fA 

28.06 

1.28 

t( 
ft 
ft 
ft 
ff 

29.94 
31.81 

33-69 
35.56 

37.44 

1.20 
1.13 
1.07 

I.OI 

0.96 

ft 
ft 

39-31 
41.19 

0.92 
0.88 

Moments  of 
Inertia. 


i 


Axis 
A-A. 


Axis 
B-B. 


Radii  of  Gyrs- 
tioa. 


Axis 
A-A. 


h 


I 


B 


'A 


Inches«.  Inches*.  Inches. 


933 

974 
015 

055 
096 

135 

174 
212 

988 
028 
068 
107 
146 
184 
222 
260 

038 

077 

"5 

153 
192 

229 

266 

303 

085 

123 
160 

197 

235 
272 

309 
345 


976 
036 

095 

153 
209 

264 

317 

369 

020 
080 

139 

197 

253 
308 

361 
413 

063 
123 
182 
240 
296 

351 
404 

456 

107 
167 
226 
284 
340 
395 
448 
500 


6.01 

5-93 
5.86 

5.79 

5.73 
5.68 

5-63 
5.58 

6.10 
6.01 

5-93 
5.86 

5.79 

5.74 
5.68 

5.63 

6.16 
6.07 

5.99 
5.92 

5.85 

5.79 

5-73 
5.68 

6.21 
6.12 
6.0A 
5.96 
5.89 

5.83 
5.77 
5.71 


B>B. 


6.15 
6.12 
6.09 
6.06 
6.02 

5-99 
5-96 
5.93 

6.20 
6.16 
6.13 
6.09 
6.06 
6.03 
6.00 

5-97 

6.24 
6.20 
6.17 
6.14 
6.10 
6.07 
6.04 
6.00 

6.28 
6.24 
6.20 
6.17 
6.14 
6.10 
6.06 
6.03 


*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  84. 
Properties  of  Top  Chord  Sections. 


• 

• 

• 

.— ■ 

B 

1 

■      1     ■ 

• 

r 

Properties 
of 



t 

» 
1 

..  ^...JtA-                          Four  Angles 
_ .X.                                    and 

J                              ThreePlates. 
1 T 

Top  Chord  Sccttoog. 

^.c=£i 

i 

• 

i 

Plates. 

Angles. 

Gross  Area. 

Eccen~ 

Moments  of 
Inertia. 

Radii  of  G>-Ta 
tioo. 

f«    «  • 

tricity. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

«%    •  &• 

•^         M^» 

•  &     •  &• 

AM         •#• 

A 

e 

Ia           Ib 

ta 

ri 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*.  Inches*.]  Inches. 

IS"  X  i8"  Section.    A  series. 

*IOOI 

l8xA 

3^3x1 

4x^x1 

28.31 

1.96 

988 

1067 

5.91 

6.14 

1002 

<i 

ti 

30.19 

1.84 

1029 

II26 

5.84 

6.II 

1003 

« 

« 

« 

32.06 

1-73 

1070 

II84 

5.78 

6.08 

1004 

"  A 

« 

« 

« 

33.94 

1.63 

III2 

1240 

5.72 

6.05 

1005 

« 

(( 

« 

« 

3S.8I 

1.55 

II5I 

1295 

5.67 

6.01 

1006 

"  I* 

« 

« 

« 

37.69 

147 

II9I 

1348 

5.62 

5.98 

1007 

(( 

« 

« 

39.56 

1.40 

1229 

1400 

5.58 

5.95 

*ioo8 

Tl* 

l8xA 

3x3x1 

4x3xA 

29.09 

1.73 

1043 

III! 

5.99 

6.18 

1009 

4t 

tt 

30.97 

1.62 

1084 

II7O 

5.92 

6.15. 

lOIO 

"   1 

« 

« 

« 

32.84 

1-53 

II23 

1228 

5.85 

6.1 1 

lOII 

:f 

« 

« 

3472 

1.45 

I163 

1284 

5.79 

6.08 

I0I2 

•  ft 

(( 

« 

36.59 

1.37 

1202 

1339 

5.73 

6.05 

IOI3 

(i 

« 

« 

38.47 

1.30 

1 241 

1392 

5.68 

6.01 

IOI4 

i€ 

« 

« 

40.34 

1.24 

1279 

1444 

5.63 

5.98 

*ioi5 

I5x| 

i8jA 

33^3x1 

4xp.xl 

« 

29.85 

1.52 

1093 

II56 

6.05 

6.22 

IOI6 
IOI7 

■■t 

<« 

31.73 
33.60 

1.43 
1-35 

II32 
II7I 

I215 
1273 

5-97 
5.90 

6.19 
6.15 

1 

IOI8 

« 

« 

« 

35.48 

1.28 

I2I0 

1329 

5.84 

6.12 

IOI9 

« 

« 

« 

37.35 

1. 21 

1248 

1384 

5.78 

6.09 

1 
1 

1020 

(( 

« 

« 

39.23 

1. 15 

1286 

1437 

5-73 

6.05 

102 1 

f  ( 

(( 

« 

41.10 

1. 10 

1323 

1489 

5.67 

6.02 

*I022 

7^            m 

i8xA 

3-?x| 

4X3xA 

30.59 

1.32 

II4O 

II99 

6.10 

6.26 

i 
1 

1023 

■■t 

4< 

(i 

32.47 

1.25 

II78 

1258 

6.02 

6.22 

1 

1024 

« 

« 

(( 

34.34 

1. 18 

I216 

I316 

5.95 

6.19 

1025 

« 

« 

« 

(( 

36.22 

1. 12 

1255 

1372 

5.89 

6.16 

1026 

« 

« 

« 

38.09 

1.06 

1292 

1427 

5.83 

6.12 

1027 

1 1 

l( 

« 

« 

39.97 

I.OI 

1329 

1480 

5.77 

6.08 

1028 

(( 

« 

« 

41.84 

0.97 

1366 

1532 

5«7i 

6.05 

*I029 

icxl 

i8xA 

3X3X1 

4xjxi 

31.31 

1. 15 

II83 

1 241 

6.15 

6.30 

1030 

(i 

Ci 

33.19 

1.08 

1220 

1300 

6.06 

6.26 

103 1 

"  i 

t( 

(i 

<i 

35.06 

1.02 

1257 

1358 

5.99 

6.22 

1032 

"  A 

« 

<l 

(( 

36.94 

0.97 

1295 

I4I4 

5.92 

6.19 

1033 

■ 

« 

« 

« 

38.81 

0.93 

1332 

1469 

5.86 

6.15 

1 

1034 

((   11                «( 

• 

« 

i< 

40.69 

0.88 

1368 

1522 

5.80 

6.12 

1035 

(( 

« 

42.56 

0.84 

HO5        1574   1 

5-75 

6.08 

1 

1 

*Spj 

icing  of  nvet  lines  oi 

web  greater  than  30  X  thickness  of  plate. 
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TABLE  S^.—ConHnued. 
Properties  of  Top  Chord  Sections. 


t 
1 

• 

f 

1                    m 

1 

• 

T 

1 

Properties 
of 

^^f 

Four  Angles 
and 

Top  Chord  Sections. 

4 

Three  Plates. 

.1=1 

ut 

• 

Moments  of 

Radii  of  Gyra- 

Plates. 

Angles. 

Gross  Area. 

Eccen- 

Inertia. 

tion. 

tricity. 

Axis 

Axis 

Axis 

Axis 

Section 

A-A. 

B-B. 

A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

c 

lA 

Ib 

rx 

rs 

Inches,     j     Inches. 

Inches 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

♦1036 

i8xA 

3x3^1 

4x3xH 

32.03 

0.98 

1223 

1284 

6.18 

6.33 

1037 

(( 

it 

(( 

33.91 

092 

1260 

1343 

6.10 

6.29 

1038 

"1 

(( 

« 

« 

35.78 

0.87 

1297 

I401 

6.02 

6.25 

1039 

:f 

l< 

(( 

« 

37.66 

0.83 

1334 

1457 

5.95 

6.22 

1040 

f( 

it 

« 

3953 

0.79 

1370 

1512 

5.89 

6.19 

IO41 

"  * 

l( 

« 

« 

41.41 

0.76 

1406 

1565 

5.83 

6.15 

1042 

• 

(C 

« 

i( 

43.28 

0.72 

1442 

1617 

5.77 

6.II 

♦1043 

■5 

I8IA 

3x3^1 

4x3x1 

32.73 

0.82 

1259 

1327 

6.20 

6.37 

1044 

«( 

if 

(( 

34.61 

0.78 

1295 

1386 

6.12 

6.33 

1045 

i 

« 

« 

« 

36.48 

0.74 

1331 

1444 

6.04 

6.29 

1046 

't 

« 

« 

« 

38.36 

0.70 

1368 

1500 

5.97 

6.25 

1047 

(( 

i( 

« 

40.23 

0.67 

1404 

1555 

5.90 

6.22 

IQ48 

"H 

(t 

(1 

i( 

42.11 

0.64 

1440 

1608 

5.85 

6.18 

1049 

"  i 

(i 

n 

({ 

43.98 

0.61 

1475 

1660 

5.79 

6.14 

15"  X  18"  Section.     B  Series. 

1 

1050 

isxl 

i8x} 

3ix3ixl 

5x3lx| 

29.06 

1.50 

1035 

1042 

5.96 

5.98 

105 1 

"  A 

« 

(i 

ti 

30.94 

1. 41 

1074 

1090 

5.89 

5.93 

1052 

"*. 

(( 

i( 

(( 

32.81  • 

1.33 

1113 

II37 

5.82^ 

5.88 

IOS3 

<l 

« 

{( 

34.69 

1.26 

1151 

1 183 

S.76 

5.84 

IOS4 

« 

(( 

«t 

36.56 

1.20 

1190 

1228 

5.70 

5-79 

loss 

"  i 

(( 

« 

«( 

38.44 

1. 14 

1227 

1272 

5.65 

575 

ios6 

4 

If 

(f 

« 

40.31 

1.08 

1265 

1315 

5.60 

5-71 

I0S7 

i8x| 

3ix3W 

Sx3ixA 

30.02 

1. 25 

1095 

1095 

6.04 

6.04 

ios8 

(( 

(( 

« 

31.90 

I.18 

1133 

II43 

5.96 

5.99 

1059 

i< 

t( 

i( 

33.77 

I.II 

1170 

II90 

5.89 

5.94 

1060 

■'■t 

« 

« 

« 

35.65 

I. OS 

1207 

1236 

5.82 

5.89 

1061 

« 

« 

« 

3752 

1. 00 

1245 

I281 

5.76 

5.84 

1062 

"  * 

• 

« 

f( 

«c 

39.40 

0.95 

1282 

1325 

5.70 

5.80 

1063 

•< 

<i 

« 

41.27 

0.91 

13 19 

1368 

5.65 

5-75 

1064 

I5x| 

i8zi 

3ix2lx| 

5x3  w 

30.96 

1.02 

1149 

1148 

6.09 

6.09 

io6s 

.c 

(( 

32.84 

0.9(5 

1186 

II96 

6.00 

6.03 

1066 

« 

« 

« 

3471 

0.91 

1222 

1243 

5.93 

5.98 

1067 

"t 

« 

« 

« 

36.59 

0.86 

1259 

1289 

5.86 

5-93 

1068 

(( 

c< 

(( 

38.46 

0.82 

1296 

1334 

5.80 

5.88 

1069 

"    i 

'<     J. 

4 

<( 

« 

(( 

40.34 

0.78 

1332 

1378 

5.74 

5.84 

1070 

(( 

(( 

tl 

42.21 

0.75 

1368 

1421 

5.69 

5.80 

•Sp 

acing  ot  rivet  lines  0 

f  web  greater  than  30  X  thickr 

less  of  ] 

plate. 

1 
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TABLE  M— Continued. 

Properties  of  Top  Chord  Sections. 

• 

T"ii  ! 

■f 

Properties 
of 

1  "••• 

• 

tf 

Four  Angles 
and 

Top  Chord  Sections. 

4 

Three  Plates. 

• 

• 
1  ^__ 

i 

• 

Moments  of    '  Radii  of  Gyra- 

Plates. 

Angles. 

Sross  Area. 

Eccen* 

Inertia.                  tion. 

tridty. 

Axis 

Axis       Axis    1    Axis 

Section 

A-A. 

B^B.       A" A.        M3    0. 

Number. 

Web. 

Cover* 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

ta           tb 

Inches. 

Inches- 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches*. 

Inches*..  Inches.  Tnchrs. 

1 

107 1 

l8x| 

3i^}M 

5x3lxA 

31.90 

0.80 

1200 

I20I 

6.13 

6.13 

1072 

« 

« 

33-7B 

0.75 

1236 

1249 

6.05 

6.08 

1073 

« 

n 

« 

35.65 

0.71 

1272 

1296 

5.97 

6.03 

1074 

"t 

<( 

tt 

« 

37.53 

0.68 

1308 

1342 

5.90 

5.98 

1075 

4( 

It 

« 

39.40 

0.65 

1344 

1387 

5.84 

5.93 

1076 

"  i 

'  t 

« 

tt 

« 

41.28 

0.62 

1380 

143 1 

5.78 

5.89 

1077 

C< 

tt 

<( 

43.iSv 

0.59 

I416 

1474 

5.72    5-84  1 

1078 

i8x| 

3h^jM 

Sxsixf 

32A> 

0.60 

1246 

1253 

6.16 

6.18 

1079 

u 

tt 

34.68 

0.57 

1282 

I3OI 

6.08 

6.12 

1080 

"  i 

«( 

tt 

tt 

36.55 

0.54 

I317 

1348 

6.00 

6.07 

IO81 

"A 

it 

1 

tt 

it 

38.43 

0.51 

1353 

1394 

5.93 

6.02 

1082 

it 

tt 

tt 

40.30 

0.49 

1389 

1439 

5.87 

5-97 

1083 

4 

(( 

It 

tt 

42.18 

0.47 

1425 

1483 

5.81 

592 

1084 

(( 

it 

tt 

44.05 

0.45 

1460 

1526 

5.76 

5.88 

1085 

Tt 

I8II 

3§xjJx| 

Sx3Jxtt 

33-70 

0.41 

1289 

1305 

6.18 

6.22 

1086 

(( 

tt 

3558 

0.39 

1325 

1353 

6.10 

6.16 

1087 

« 

(( 

tt 

3745 

0.37 

1360 

1400 

6.02 

6.11 

* 

1088 

« 

(I 

tt 

39.33 

0.35 

1395 

1446 

5.95 

6.06 

1089 

« 

tt 

tt 

41.20 

0.34 

I43I 

1491 

5.89 

6.01 

1090 

"  i 

• 

(( 

tt 

tt 

43.08 

0.32 

1467 

1535 

5.83 

5.96 

109I 

« 

tt 

tt 

44.95 

0.31 

1502 

1578 

5.78 

5.92 

1092 

"t 

•    i8x| 

3H}M 

5x3  w 

34.58 

0.25 

1326 

1358 

6.19 

6.26 

1093 

(i 

(( 

36.46 

0.23 

1 361 

1406 

6.11 

6.20 

1094 

« 

tt 

tt 

38.33 

0.22 

1396 

1453 

6.03 

6.15 

I09S 
1096 

tt 
tt 

tt 
tt 

40.21 
42.08 

0.21 
0.20 

143 1 

1467 

1499 
1544 

5.96 
5.90 

6.10 
6.05 

1097 

• 

(( 

tt 

tt 

43.96 

0.19 

1502 

1588 

5.84 

6.00 

1098 

(( 
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2124 

« 

« 

« 

« 

48.38 

1.28 

2439 

2514 

7.10 

7.21 

2125 

"  i 

l< 

« 

« 

« 

50.63 

1.23 

2503 

2616 

7.03 

7.19 

2126 

(C 

(( 

« 

« 

52.88 

1. 17 

2566 

2716 

6.96 

7.16 

*2I27 

i8xi 

22X} 

3lx3ix| 

3lx3JxA 

3|x3lxA 

40.94 

1.22 

2310 

2176 

7.51 

7.29 

♦2128- 

::f 

Ci 

« 

« 

t( 

43.19 

1. 16 

^374 

2285 

7.41 

7.28 

2129 

l< 

<< 

(C 

« 

45.44 

1. 10 

2437 

2393 

7.32 

7.26 

2130 

"A 

« 

<( 

<( 

« 

47.69 

1.05 

2500 

2500 

7.24 

7.24 

2I3I 

« 

« 

« 

« 

« 

49.94 

1. 00 

2564 

2604 

717 

7.22 

2132 

"  i 

<( 

« 

« 

« 

52.19 

0.96 

2627 

2703 

7.10 

7.20 

2133 

« 

<c 

« 

IC 

54.44 

0.92 

2689 

2802 

7.03 

7.18 

♦2134 

i8xi 

22X} 

3ix3ixi 

3ix3|xi 

3ix3ixl 

42.46 

0.90 

2428 

2259 

7.56 

7.29 

♦2135 

"f 

(i 

(t 

<t 

<( 

44.71 

0.85 

2491 

2368 

7.46 

7.28 

2136 

(( 

li 

« 

« 

46.96 

0.81 

2553 

2475 

7.37 

7.26 

2137 

"ft 

(( 

(C 

(( 

<( 

49.21 

0.77 

2616 

2581 

7.29 

7.24 

2138 

« 

(( 

« 

« 

« 

51.46 

0.74 

2678 

2683 

7.21 

7.22 

2139 

"    i 

« 

(( 

(( 

« 

53.71 

0.71 

2740 

2784 

7.14 

7.20 

2140 

"  1 

« 

iC 

C( 

« 

55.96 

0.68 

2801 

2883 

7.08 

7.18 

« 

Spacing  of  rivet 

lines  of  w 

eb  greater  than  30  X  thicki 

less  of 

plate. 
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TABLE  %S,— Continued. 
Properties  of  Top  Chord  Sections. 


• 

• 

1    r 

Propertiet 

of 

Top  Chord  Sectiom. 

• 

t 

SizAngles                             1 
and 
Three  Plates. 

i=iL    Jlul 

• 

Section 

Plates. 

Angles. 

• 

Gross 
Area. 

Eccen- 
tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Axis 

Axis 

Axis 

Axis 

Num- 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Tod. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

Tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches«. 

Inches. 

Inches. 

*2I4I 

I8x} 

22x§ 

Jjxpixl 

3ix3ixA 

3ix3ixA 

43-94 

0.60 

2538 

2345 

7.60 

7.30 

*2I42 

■■t 

«t 

« 

ii 

46.19 

0-57 

2600 

2454 

7.51 

7.29 

2143 

(( 

« 

i( 

ii 

48.44 

0.55 

2660 

2559 

7.42 

7-27 

2144 

"A 

« 

(( 

« 

ii 

50.69 

0.52 

2722 

2665 

7-34 

7.25 

2145 

« 

(( 

(i 

ii 

ii 

5^-94 

0.50 

2785 

2765 

7.26 

7.V 

2146 

"     i 

i< 

« 

(i 

11 

55-19 

0.48 

2845 

2866 

7.18 

7-21 

2147 

it 

ii 

« 

tt 

57-44 

0.46 

2906 

2966 

7.11 

7.19 

•2148 

l8z| 

22X| 

Jjxjjxl 

aJxjjxi 

3i^}M 

45-38 

0.34 

2636 

2426 

7.62 

7-31 

*2I49 

■  t 

« 

47-63 

0.32 

2697 

253s 

7-53 

7.29 

2150 

(i 

(( 

i< 

tt 

49.88 

0.31 

2757 

2640 

7-44 

7.27 

2151 

"f* 

« 

(( 

ii 

tt 

52.13 

0.30 

2818 

2744 

7.35 

7.25 

2152 

ti 

it 

(i 

tt 

54.38 

0.29 

2879 

2846 

7.27 

7-23 

2153 

"  1. 

4 

u 

ti 

ti 

tt 

56.63 

0.37 

2940 

2947 

7.20 

7-21 

2IS4 

« 

(C 

ti 

tt 

58.88 

0.36 

3001 

3044 

7-14 

7.19 

•2155 

i8xf 

22xi 

3ixjixi 

sixjJxH 

3|x3iiH 

46.82 

0.12 

2722 

2506 

7.63 

7.32 

•2156 

■•t 

« 

« 

•  1 

49-07 

O.II 

2783 

2613 

7.53 

7.30 

2157 

It 

« 

it 

11 

51.32 

O.II 

2843 

2719 

7.44 

7.28 

2158 

"A 

« 

« 

tt 

ii 

53.57 

O.IO 

2904 

2824 

7.36 

7.26 

2159 

« 

<i 

(( 

ti 

it 

55.82 

O.IO 

2965 

2924 

7.29 

7.24 

2160 

"4 

« 

« 

tt 

tt 

58.07 

0.09 

3025 

3024 

7.22 

7.22 

2161 

4 

(C 

« 

tt 

tt 

60.32 

0.09 

3086 

3122 

7.15 

7.20 

*2l62 

I8xf 

22xi 

Sixjiil 

3ixj*xJ 

3ix3lxi 

48.22 

—  .11 

2802 

2585 

7.62 

7-32 

♦2163 

"t 

« 

II 

50.47 

—.11 

2863 

2693 

7-53 

7.30 

2164 

M 

« 

Ii 

II 

52.72 

—  .10 

2923 

2797 

7.36 

7.28 

2165 

"A 

it 

« 

Ii 

II 

54.97 

—.10 

2984 

2902 

'7.26 

2166 

(( 

« 

11 

II 

57.22 

—.10 

3045 

3001 

7-29 

7.24 

2167 

"  i 

4 

it 

« 

II 

II 

59-47 

-.09 

3105 

3101 

7.22 

7.22 

2168 

it 

ti 

11 

11 

61.72 

-.09 

3166 

3198 

7.16 

7.20 

18"  X  32"  Section.     B  Series.                                                                        | 

*2l69 

i8xf 

22xi 

3ixpix| 

Sx3ixf 

3i^lM 

40.52 

1.29 

2297 

2241 

7.53 

7-44 

*2I70 

't 

42.77 

1.22 

2361 

2351 

7.43 

7^ 

2171 

45-02 

1. 16 

2426 

245? 

7.26 

7.39 

2172 

"  ^ 

47.27 

1. 10 

2489 

2566 

7.37 

2173 

4952 

1.05 

2552 

2669 

7.18 

7-34 

2174 

"  4 

i 

51-77 

1. 01 

2615 

2772 

7.11 

7.32 

2175 

* 

54.02      0.97 

2678 

2872 

7-04 

7.29 

Spacing 

:  of  rivet 

lines  of  w< 

jb  greater  than  30  X  thickness  of  j 

plate. 
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TABLE  %S.— Continued, 
Properties  of  Top  Chord  Sections. 


1 
1 

T^- 

r 

1 

r 

Properties 
of 

4!_.._ 
4-- 

2 

,:4=r 

^■¥ 

SizAnglet 
and 

Top  Chord  Sections. 

d 

Three  Plates. 

i 

• 

;    Section 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Momei 
Iner 

Axis 

QtSOf 

tia. 

Radii  of  Gyra- 
tion. 

Bottom 

Axis 

Axis 

Axis  ' 

Num 

A-A. 

B-B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Top. 

t 

Outside.          Inside.           A 

e 

Ia 

Ib 

1 

'A        I 

tb 

Inches. 

Indies. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches.' 

Inches. 

■     *2I76 

i8xf 

22xi 

si^lM 

5x3 §X A 

3ix3ixA 

42.26 

0.90 

2437 

2357 

7.60 

7.47 

*2I77 

■t 

(( 

tt 

it 

44-51 

0.86 

2500 

2467 

7.50 

7-44 

2178 

i( 

tt 

tt 

tt 

46.76 

0.82 

2563 

2574 

7.41 

7.42 

2179 

(1 

« 

tt 

tt 

tt 

49.01 

0.78 

2624 

2681 

7.33 

7.39 

2180 

« 

tt 

(C 

tt 

51.26 

0.75 

2684 

2783 

7.25 

7.37 

2181 

"  i 

4 

« 

tt 

« 

tt 

53-51 

0.72 

2746 

2885 

717 

7.34 

2182 

(( 

tt 

« 

tt 

55.76 

0.69 

2810 

2985 

7.10 

7-31 

•2183 

i8xi 

22xi 

3ix3ixf 

5x3ixi 

3ix3ixl 

43-96 

0.57 

2563 

2466 

7.64 

7-49 

•2184 

"A 

(1 

i( 

it 

(( 

46.21 

0.55 

2623 

2575 

7-54 

7.47 

2185 

"i 

" 

tt 

« 

tt 

48.46 

0.52 

2685 

2682 

7-45 

7.44 

2186 

"f* 

« 

tt 

tt 

tt 

50.71 

0.50 

2745 

2788 

7.36 

7.41 

2187 

(1 

tt 

tt 

tt 

tt 

52.96 

0.48 

2807 

2890 

7.28 

7-39 

2188 

"  i 

tt 

tt 

tt 

tt 

55.21 

0.46 

2868 

2991 

7.21 

7.36 

2189 

tt 

tt 

tt 

tt 

57-46 

0.44 

2930 

3090 

7.14 

7.34 

•2190 

l8xi 

izni 

3ixi|ixf 

5x3 ix A 

3ix3ixA 

45-64 

0.26 

2680 

2578 

7.66 

7.52 

*2I9I 

■t 

tt 

K 

« 

47-89 

0.25 

2741 

2687 

7.56 

7.4? 

2192 

tt 

tt 

(( 

(( 

50.14 

0.24 

2801 

2792 

7-47 

7.46 

2193 

"A 

tt 

tt 

« 

tt 

52-39 

0.23 

2862 

2898 

7-39 

7.44 

2194 

"i- 

tt 

tt 

(( 

tt 

54-64 

0.22 

2923 

2998 

7.31 

7.41 

2195 

"H 

tt 

tt 

tt 

tt 

56.89 

0.21 

2984 

3101 

724 

7.38 

2196 

4 

it 

tt 

tt 

tt 

59-H 

0.20 

3045 

3199 

7.18 

7.36 

♦2197 

i8xi 

22x| 

3ix3ix| 

Sx3ixi 

sh^lM 

47.26 

—  .02 

2782 

2685 

7.67 

7.54 

*2I98 

't 

tt 

tt 

<t 

49-51 

—  .02 

2843 

2794 

7-57 

7.51 

2199 

tt 

tt 

« 

tt 

51.76 

—  .02 

2904 

2899 

7.48 

7.48 

2200 

« 

tt 

tt 

tt 

tt 

54.01 

—  .01 

2964 

3003 

7.40 

7.46 

2201 

tt 

tt 

tt 

tt 

56.26 

—  .01 

3025 

3105 

7-33 

7.43 

2202 

4 

tt 

tt 

tt 

tt 

58.51 

—  .01 

3086 

3206 

7.26 

7.40 

2203 

tt 

tt 

tt 

tt 

60.76 

—  .01 

3146 

3303 

7.20 

7.37 

*2204 

i8xi 

22xi 

3ix3ix| 

5x3JxH 

3ix3ix« 

48.88 

-.27 

2875 

2791 

ySj 

7.56 

•2205 

"f 

(C 

(( 

tt 

tt 

51.13 

-.26 

2937 

2898 

7-17 

7-53 

2206 

tt 

tt 

tt 

tt 

53-38 

-•25 

2998 

3004 

7.48 

7.50 

2207 

"^ 

tt 

tt 

tt 

tt 

55-63 

-.24 

3059 

3109 

7.41 

7.48 

2208 

tt 

tt 

tt 

tt 

tt 

57.88 

-.23 

31I9 

3209 

7-34 

7-45 

2209 

"  i 

tt 

tt 

tt 

It 

60.13 

—  .22 

3180 

3309 

7.27 

7.42 

2210 

tt 

tt 

It 

tt 

62.38 

—  .21 

3241 

3407 

7.20 

7.39 

« 

'  Spacing 

r  of  rivet 

lines  of  w 

eb  greater  than  30  X  thicki 

less  of 

plate. 
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TABLE  SS.—CarUinued. 
Properties  of  Top  Chord  Sections. 


f 


Properties 

of 

Top  Chord  Sections* 


-41 

t 

4 


^i.G=l 


1 


L 


Sfat  Angles 

and 

Three  Plates. 


I 
B 


Section 
Num- 
ber. 


'221 1 
'2212 
2213 
2214 
2215 
2216 
2217 


Plates. 

Web. 

Cover. 

Inches. 

Inches. 

I8xi 

22xi 

"i 

"A 

0 

"  i 

4 

Angles. 


Top. 


Bottom. 


Outside. 


Inches. 


3ix3jxi 


« 

« 
« 
it 


Inches. 


5x3ixi 


« 
« 


Inside. 


Inches. 


aixjixf 


tt 
u 
« 


Gross  '  Eccen- 
Area.     tridty. 


Inches*.  Inches. 


50.46 
52.71 
54.96 
57.21 
59.46 
61.71 
63.96 


-.50 

-48 

-46 

-.44 
-.42 

-.41 
-.39 


Moments  of 
Inertia. 


Radii  of  Gyra- 
tion. 


A-A. 


Axis 
B-B. 


Axis 
A-A. 


Axis 
B-B. 


I 


B 


Ta 


tb 


Inches*.  Inches^..  Inches. ,  Inches. 


2958 

2896 

7-65 

3020 

3003 

7.55 

3081 

3108 

7.47 

3142 

3212 

7-40 

3203 

3312 

7-33 

3265 

3412 

7.26 

3326 

3508 

7.20 

18"  X  24"  Section. 


757 
7.54 
7.52 
7-49 
747 
744 
7-41 


2218 

i8xi 

243CA 

2219 

"^ 

tt 

2220 

« 

tt 

2221 

"  i 

tt 

2222 

4 

tt 

2223 

i8xi 

243CA 

2224. 

"  A 

(( 

2225 

• 
« 

(1 

2226 

"  i 

tt 

2227 

4 

tt 

2228 

I8x} 

24xA 

2229 

"A 

tt 

2230 

(t 

tt 

2231 

"  i 

tt 

2232 

4 

tt 

2233 

i8x} 

243CA 

2234 

"  A 

tt 

2235 

(i 

tt 

2236 

"  i 

tt 

2237 

4 

tt 

2238 

i8x} 

243tA 

2239 
2240 

tt 

tt 

2241 

"    i 

tt 

2242 

It 

3ixjix| 


tt 
tt 


tt 


3§xi|ix| 


« 

tt 
tt 


3ixjixi 


« 
« 
« 


3ix;^ix| 


tt 
tt 
tt 


3lx^^ixf 


it 
tt 


5x3lxi 


tt 
tt 
It 
tt 


5x3 ix A 


tt 
tt 
tt 
tt 


5x3 ix J 


tt 
tt 
tt 
tt 


5x3 lx A 


tt 
tt 
tt 
tt 


5x3 ixt 


(( 

tt 
tt 


3§x3§xi 


tt 


tt 


tt 


tt 


3b3ixA 


it 


tt 


tt 


tt 


3|xjjxi 


(C 

tt 
tt 


3lx3|xA 


tt 
tt 
tt 
tt 


3|x^|x| 


tt 

tt 


47.52 

1-59 

2584 

3215 

7-37 

49.77 

1.52 

2650 

3354 

7-29 

52.02 

1.45 

2716 

3491 

7.22 

54.27 

139 

2781 

3625 

7.16 

56.52 

1.34 

2846 

3757 

7.10 

49.26 

1.26 

2736 

3354 

7-45 

51.51 

1.20 

2801 

3492 

7-37 

53-76 

1. 15 

2865 

3628 

7-30 

56.01 

1. 10 

2928 

3761 

7.23 

58.26 

1.06 

2991 

3893 

7.17 

50.96 

0.95 

2874 

3494 

7.51 

53.21 

0.91 

2937 

3632 

7.43 

55.46 

0.88 

2999 

3767 

7-36 

57.71 

0.84 

3061 

3900 

7.28 

59.96 

0.81 

3124 

4031 

7.22 

52.64 

0.67 

3001 

3631 

7-55 

54.89 

0.64 

3063 

3768 

7-47 

57-14 

0.62 

3125 

3903 

7-39 

59-39 

0.60 

3186 

4035 

7.32 

61.64 

0.57 

3248 

4165 

7.26 

54-26 

0.42 

3114 

3766 

7.58 

56.51 

0.40 

3176 

3902 

7.50 

58.76 

0.39 

3237 

4036 

7.42 

61.01 

0.37 

3297 

4168 

7.35 

63.26 

0.36 

3359 

4298 

7.29 

8.23 

8.21 

8.19 
8.17 

8.15 

8.25 
8.23 

8.21 

8.19 

8.17 

8.28 
8.26 
8.24 
8.22 
8.20 

8.31 
8.28 
8.26 
8.24 
8.22 

8.33 
8.31 
8.29 
8.26 
8.24 


I  *  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  S5,— Continued, 
Propbrtibs  of  Top  Chord  Sections. 


t 
• 

r^ 

r 

Piopertiet 
of 

4- 

1 

_,      1 

1 

^■:^ 

SizAnglei 
and 

1 

Top  Chord  Sections. 

m 
A 

Three  Plates. 

• 

Section 

Plates. 

Angles. 

Gross 
Area. 

Eccen- 
tricity. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Rottntn 

Axis 

Axis 

Axis 

Axis 

Num- 

A-A. 

B-B. 

A-A. 

B-B. 

h^r 

Web. 

Top. 

DCTa 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

Tb 

Indies. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

flfC^^o- 

Indies*.  Inches^. 

1 

Inches. 

InrHft 

*2273 

20x} 

24xA 

3h^lM 

3ix3ixi 

3ix3ixi 

54.38 

0.76 

3752 

3599 

8.30 

8.13 

2274 

"^ 

tt 

ft 

ft 

56.88 

0.73 

3836 

3751 

8.21 

8.II 

2275 

It 

tf 

tt 

ft 

ft 

59.38 

0.70 

3921 

3900 

8.12 

8.10 

2276 

"  i 

tt 

it 

ft 

f( 

61.88 

0.67 

4005 

4047 

8.04 

8.08 

2277 

4 

tt 

it 

(f 

« 

64.38 

0.64 

4090 

4195 

7-97 

8.07 

♦2278 

20xi 

H^A 

si^sM 

jixjixH 

3ix3ixH 

55.82 

0.53 

3873 

3700 

8.33 

8.14 

2279 

it  s 

tt 

It 

ft 

ft 

58.32 

0.50 

3957 

3851 

8.23 

8.12 

2280 

tt 

tt 

ff 

f( 

60.82 

0.48 

4041 

4000 

8.14 

8.10 

2281 

"  i 

tt 

tt 

(f 

ff 

63.32 

0.46 

4115 

4147 

8.06 

8.08 

2282 

4 

it 

tt 

(f 

f( 

65.82 

0.45 

4209 

4294 

7-99 

8.07 

♦2283 

20xi 

24xA 

3ix;.Jil 

3ix3§xi 

3ix3Jxl 

57.22 

0.30 

3985 

3800 

8.35 

8.15 

2284 

"t 

<< 

ft 

ft 

59.72 

0.29 

4068 

3951 

8.25 

8.13 

2285 

tt 

ff 

f( 

tt 

62.22 

0.28 

4151 

4099 

8.16 

8.11 

2286 

"  i 

ft 

ff 

ft 

it 

64.72 

0.27 

4235 

4245 

8.08 

8.09 

2287 

4 

tf 

ft 

ft 

tt 

67.22 

0.26 

4319 

4392 

8.01 

8.08 

ao"  X  34"  Section.     B  Series.                                                                       | 

♦2288 

20xi 

243fA 

3§x3ixf 

s^sM 

Jixjjxl 

49.52 

1.67 

3285 

3354 

8.14 

8.22 

2289 

ft 

ft 

tt 

tf 

52.02 

1.59 

3375 

3507 

8.05 

8.20 

2290 

ft 

ft 

tt 

ft 

54.52 

1.52 

3465 

3660 

7-97 

8.19 

2291 

"  i 

ft 

f( 

tt 

ff 

57.02 

1.45 

3554 

3810 

7.89 

8.17 

2292 

4 

tt 

tf 

tt 

ft 

59.52 

1.39 

3642 

3960 

7.82 

8.15 

♦2293 

20X} 

24xA 

3b3W 

5x3 ix A 

3ix3ixA 

51.26 

1.33 

3473 

3495 

8.23 

8.25 

2294 

ft 

tt 

ft 

ft 

ft 

53.76 

1.27 

3560 

3648 

8.14 

8.23 

2295 

tf 

f( 

tt 

ft 

56.26 

I.2I 

3648 

3800 

8.05 

8.22 

2296 

"  i 

4 

ff 

tt 

tt 

« 

58.76 

1. 16 

3734 

3949 

7.97 

8.20 

2297 

ft 

tt 

tt 

tt 

61.26 

I. II 

3820 

4099 

7.90 

8.18 

♦2298 

20x| 

24'tA 

3b3ix| 

5x3 ixi 

3ix3ixJ 

52.96 

0.98 

3644 

3631 

8.30 

S,2S 

2299 

tf 

ft 

ft 

ft 

5546 

0.93 

3732 

3784 

8.20 

8.26 

23C» 

tf 

tt 

f( 

ff 

57.96 

0.90 

3817 

3935 

8.11 

8.23 

2301 

«« J. 

4 

ff 

tt 

ff 

ft 

60.46 

0.86 

3902 

4083 

8.03 

8.21 

2302 

ff 

tt 

tf 

ft 

62.96 

0.83 

3988 

4232 

7.96 

8.19 

* 

Spacing 

of  rivet 

lines  of  we 

b  greater  than  30  X  thickn< 

;ss  of  p 

late. 
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y 

1 

?    "l"^ 

^ 

Propstla 
Tod  Chord  SsXlona. 

'*^     -.        .._L.. 

-i^ 

StAyk. 
Three  PUM. 

■J    ■■■■      ■■^■— 

t 

i  Jl  Jul 

.r 

Plata. 

AMte*. 

MomcnU  of 

R»dUrfGyI.- 

Stdtlon 

GiDB 

Etam- 

Iridty. 

Bottom 

Aid. 

Aiii 

Aiii    1    Aw 

N  um- 

A-A. 

A-A.  1  a-B. 

bo. 

Outvie. 

I^dde. 

A      1       < 

U 

I, 

'A      i      r. 

Iscbe*. 

Inchs. 

iBcba.          IncbH. 

Incha. 

Incba'. 

iDCbC*. 

Incbee' 

IncbeC. 

laches 

iKba 

*»3J3 

2Mj 

z6x| 

si^jixi 

snM 

3lxp*xi 

SS-7» 

1.46 

3879 

4614 

8.3s 

9.10 

33J4 

8.1. 

1.40 

3967 

4809 

8.16 

9.09 

*3JS 

60.71 

1-34 

4056 

8.17 

9.08 

1336 

63.21 

1,29 

4i43 

S.89 

8.10 

9.06 

»3J7 

"  1 

" 

" 

" 

OS  7" 

1.24 

4130 

S375 

8^31 

9.04 

•1338 

«,il 

2&I 

3hp,M 

S'ji^A 

3ix3.ixA 

S7-J9 

1. 16 

40S3 

4781 

8.40 

913 

1339 

"  ^ 

59-89 

4139 

4976 

8.31 

9.11 

1340 

62.39 

1.06 

4226 

S167 

8.13 

9.10 

134 1 

::  ' 

64.89 

43" 

SJSS 

6.  IS 

9.08 

134* 

" 

" 

" 

67-39 

0.99 

4397 

SS4I 

e.o8 

9.07 

•2343 

lOXi 

26x1 

Jt.Jl.i 

Sxj^Jxl 

'H''' 

S901 

0.89 

4111 

494S 

8.4S 

9-iS 

i344 

;:  A 

61.SI 

0.8s 

4296 

S138 

8.36 

9.14 

1345 

6,.oi 

0.82 

4381 

S3i8 

8.17 

9.11 

»346 

::  * 

66.S. 

0.79 

4466 

SS'6 

8.19 

9.11 

»347 

" 

" 

" 

69.01 

0.76 

4SSO 

S70I 

8.11 

9.09 

'm<i 

*?v 

26x1 

3iV.*^» 

Sx3iiH 

3l»3ixtt 

60.63 

0.63 

43S8 

S107 

8.48 

9.1B 

1349 

■'  t 

63.13 

0.60 

4441 

S199 

8.39 

9.17 

I3S0 

6S.63 

0.58 

4S17 

S489 

8.JI 

9>S 

*JS' 

;;  I 

68.IJ 

o.s6 

4611 

S67S 

8.23 

9.IJ 

2352 

" 

" 

70.63 

O.S4 

4694 

S860 

8.1s 

9.11 

•*353 

101 

2&I 

3lxj>x( 

SX3ixl 

3ix?.ixi 

62.21 

0.40 

4489 

S167 

8.S0 

9. 20 

IJS4 

"  A 

64.71 

0.38 

45  73 

S4S9 

8.41 

9.19 

*3SS 

67.11 

0.37 

46S7 

56,8 

8.31 

9-17 

2356 

;;  1 

69.71 

0-3S 

4740 

S834 

8.25 

9- IS 

JJS7 

71.21 

0-34 

4824 

6017 

8.17 

9.13 

19"  X  i«"  Section.    A  Serin.                                                                          | 

•2358 

lixi 

26xft 

4XMi 

*^' 

4X4xi 

S9-I3 

■■5! 

481. 

4499 

9.01 

8.73 

•l3S9 

61.88 

1.48 

4928 

4691 

8.91 

8.71 

2j6o 

64.63 

1.41 

504s 

4B79 

8.BJ 

8,69 

1361 

67-38 

I-3S 

5163 

S066 

8.7S 

8.67 

2j6l 

"  I 

■' 

70.13 

1.30 

5282      5246  1   8.68 

8.6s 

•Spacing  of  rivet 

ine»ofwe 

b  greater  than  30  X  thicknc 

9S  of  plate.                                       1 

TABLE  SS.-— Continued. 
Properties  op  Top  Chord  Sections. 


t 
• 

■|  "i 

r* 

1 

Pioptftloi 
of 

1 

««*«MH^ 

^••■i^^ 

.■=::^ 

Six  Angles 
and 

Top  Chord  Section». 

d 

Three  Plates. 

• 

i^L 

^Ul 

• 

i 

Plates. 

Angles. 

Gross 
Am. 

tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Bottorn. 

Axis 

Axis 

Axis 

Axis 

Num- 

A-A. 

B~B. 

A-A. 

B-B. 

ber. 

Web. 

Cover. 

Tod. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

'A 

rs 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches* 

Inches* 

Inches. 

Inches. 

•2363 

22zi 

26zA 

4M^i 

4X43tA 

4X43tA 

60.85 

1.23 

5023 

4640 

9.09 

8.73 

•2364 

if 

« 

C( 

« 

63.60 

1. 18 

SI37 

4832 

8.99 

8.71 

2365 

(C 

« 

« 

« 

66.35 

I.13 

5251 

5019 

8.90 

8.69 

2366 

• 

<c 

« 

« 

« 

69.10 

1.08 

5367 

5204 

8.81 

8.67 

2367 

« 

« 

« 

« 

71.85 

1.04 

5483 

5385 

8.73 

8.65 

•2368 

22Z} 

»6xA 

4X43ti 

43^4*1 

43^4*1 

62.57 

0.93 

5219 

4777 

9.13 

8.74 

•2369 

"^ 

(t 

f( 

(( 

« 

65.32 

0.89 

5332 

4967 

9.03 

8.72 

2370 

(( 

« 

« 

« 

« 

68.07 

0.85 

5445 

5154 

8.94 

8.70 

2371 

"  i 

(C 

« 

« 

« 

70.82 

0.81 

5558 

5339 

8.86 

8.68 

2372 

• 

(( 

M 

(« 

« 

73-57 

0.79 

5671 

5519 

8.78 

8.66 

*?373 

22zi 

*6xA 

4X43^1 

4X43tH 

4X4XH 

64.25 

0.67 

5397 

4916 

9.16 

8.75 

•2374 

(( 

i< 

«( 

« 

67.00 

0.64 

5509 

5106 

9.06 

8.73 

2375 

<c 

« 

(( 

« 

69.75 

0.61 

5620 

5291 

8.97 

8.71 

2376 

4 

«( 

« 

« 

« 

72.50 

0.59 

5732 

5475 

8.89 

8.69 

2377 

« 

« 

« 

<C 

75.^5 

0.57 

5844 

5655 

8.81 

8.67 

*2378 

22Z} 

26zA 

4H3ci 

4x43^} 

4Mxf 

65.89 

0.41 

5563 

5047 

9.19 

8.75 

•2379 

tt 

^ 

f( 

<( 

« 

« 

68.64 

0.40 

5675 

5235 

9.09 

8.73 

2380 

« 

« 

« 

(C 

(i 

71-39 

0.38 

5786 

5420 

9.00 

8.71 

2381 

" 

i 

(( 

« 

(( 

« 

74-14 

0.37 

5888 

5604 

8.91 

8.69 

2382 

• 

(( 

« 

tl 

« 

76.89 

0.35 

6009 

5783 

8.84 

8.67 

aa"  X  26' 

'  Section.     B  Series. 

1 

•2383 

2mJ 

261A 

4X4zi 

6z4zi 

4X43ti 

61.13 

1. 14 

5104 

4891 

9.14 

8.95 

•2384 

A 

(( 

« 

« 

(( 

63.88 

1.09 

5219 

5083 

9.04 

8.93 

2385 

(( 

«« 

(( 

« 

« 

66.63 

1.05 

5333 

5271 

8.95 

8.90 

2386 

"  i 

« 

(( 

« 

(i 

69.38 

1. 01 

5446 

5458 

8.86 

8.87 

2387 

«  . 

It 

« 

« 

« 

72.13 

0.97 

5560 

5638 

8.78 

8.84 

♦2388 

22zi 

261A 

4^i 

6z4zA 

43t4fA 

63.11 

0.80 

5333 

5082 

9.20 

8.98 

•2389 

"  ^ 

i< 

<i 

« 

« 

65.86 

0.77 

5445 

5274 

9.10 

8.95 

2390 

(1 

i< 

K 

« 

(( 

68.61 

0.74 

5557 

5461 

9.00 

8.92 

2391 

"  i 

(( 

i< 

« 

« 

71.36 

0.71 

5670 

5646 

8.91 

8.89 

2392 

(1 

it 

C( 

(C 

74.11 

0.68 

5782 

5827 

8.83 

8.87 

*  Spacing 

of  rivet 

lines  of  w 

eb  greater 

than  30  X  thickn 

ess  of  ] 

3late. 
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TABLE  S5,— Continued, 
Properties  of  Top  Chord  Sections. 


? 


n 


PiopcrtMS 

of 

Top  Chord  Sectlont. 


r 

'    ji    i    ji    4 


^:         — i  — 


Six  Angles 

and 

Three  Plate*. 


Section 
Num- 
ber. 


♦2393 
♦2394 

2395 
2396 

2397 

•2398 

♦2399 

2400 

2401 

2402 

♦2403 

♦2404 

2405 

2406 

2407 


Plates. 


Web. 


Cover. 


Inches. 


22x} 
22xi 

A 


« 


i 


22x1 

A 


« 
(( 
it 


i 


Inches. 


26xA 


tt 
« 


26xA 


({ 
« 


»6xA 


« 


Top. 


Inches. 


4X4xi 


« 
« 


4x4^1 


i( 
« 
« 


4ac4xi 


(i 
« 
(I 


Bottom. 


Outside. 


Inches. 


6x4x1 


n 
u 
ti 
tt 


6x4xH 


tt 
tt 
tt 
tt 


6x4x1 


« 
(I 
it 
it 


Inside. 


Inches. 


4x4^1 


tt 
tt 
tt 


4X4xH 


tt 
tt 
tt 
tt 


4ac4xi 


tt 
tt 
tt 
tt 


Gross 
Area. 


Eccen- 
tricity. 


Inched. 


65.07 
67.82 

70.57 
7332 
76.07 

66.99 

69.74 
72.49 

75-H 
77.99 

68.89 
71.64 

74.39 

77.14 
79.89 


Inches. 


0.48 
0.46 

0.44 
042 

0.41 

0.19 
0.19 
0.18 
0.18 
0.17 

-.07 
-.07 

-.07 

—  .06 

—  .06 


Moments  of 
Inertia. 


Axis 
A-A. 


Axis 
B-B. 


Ia 


Inches*. 


Inches*. 


5544 
5656 
5767 
5879 
5991 

5735 
5846 

5957 
6068 

6179 

5913 
6024 

6135 
6246 

6357 


5267 

5457 

5644 
5829 

6009 

5456 

5646 

5831 
6015 

6195 

5636 
5824 
6009 
6193 
6372 


Radii  of  Gyra- 
tion. 


Axis 
A-A. 


ta 


9.24 

914 
9.04 

8.95 
8.87 

9.25 

915 
9.06 

8.98 

8.90 

9.26 
9.16 
9.08 

8.99 
8.92 


Axis 
B-B. 


gjcx} 

8.97 
8.94 

8.92 
8.89 

9.02 

8.99 

8.97 
8.94 

8.91 
9.04 

9.01 

8.98 
8.96 
8.93 


sa''  X  36"  Section.    C  Series. 


♦2408 

♦2409 

2410 

2411 

2412 

•2413 

♦2414 

2415 

2416 

2417 

•2418 

•2419 
2420 
2421 
2422 


22Z} 

26xA 

4x4xi 

6x4xJ 

6x4xJ 

63.13 

0.77 

5378 

4915 

9.23 

"A 

II 

tt 

Ii 

Ii 

65.88 

0.73 

5491 

5106 

9.13 

ii 

«i 

tt 

II 

it 

68.63 

0.70 

5604 

5293 

9.04 

"  * 

« 

tt 

i< 

ii 

71.38 

0.67 

5716 

5479 

8.95 

«  i, 

4 

«( 

tt 

i< 

11 

74.13 

0.65 

5828 

5659 

8.86 

22xi 

26xA 

43t4xi 

6x4xA 

6x4xA 

65.37 

0.40 

5621 

5110 

9.28 

« 

Ii 

II 

11 

68.12 

0.38 

573^ 

5301 

9-17 

<« 

tt 

tt 

11 

70.87 

0.37 

5844 

5487 

9.08 

"  * 

4 

« 

tt 

tt 

II 

73.62 

0.36 

5955 

5671 

8.99 

« 

tt 

tt 

11 

76.37 

0.35 

6066 

5851 

8.92 

22xi 

26xA 

43t4xi 

6x4xf 

6x4x1 

67.57 

0.07 

5845 

5298 

9.31 

"^ 

(1 

tt 

11 

tt 

70.32 

0.07 

5956 

5487 
5673 

9.21 

tt 

Ii 

tt 

tt 

tt 

73.07 

0.07 

6067 

9.12 

"  i 

tt 

tt 

tt 

tt 

75.82 

0.06 

6178 

5857 

9.03 

4 

tt 

tt 

tt 

tt 

78.57 

0.06 

6289 

6035 

8.95 

8.82 
8.80 
8.78 
8.76 

8.73 

8.84 
8.82 
8.80 
8.78 
8.76 

8.86 
8.84 
8.82 
8.80 
8.77 


*  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  BS.^CorUinued. 
PftOPERTiES  OF  Top  Chord  Sections. 


f 


■n 


Properties 
of 
Top  Chord 


r  ■ 

[JL  I  Jul 


4  —f'—t'— 


Six  Angles 

and 

Three  Plates. 


I 


Section 
Num- 
ber. 


•2423 
♦2424 

2425 
2426 
2427 

•2428 

*242p 

2430 

2431 

2432 


Plates. 


Web. 


Cover. 


Inches.      Inches. 


22zi 


« 


i< 


« 


22zi 


26xA 


«< 
« 
(t 


a6xA 


it 


Angles. 


Top. 


Inches. 


4X4xJ 


« 
« 


Bottom. 


Outside. 


Inches. 


6x4xH 


4«4ii 


It 
(I 
t( 
(i 


6x4xi 


Inside. 


Inches. 


Gross 
Area. 


Inches* 


6x4«H 


« 
« 


6x4x} 


69-73 
72.48 

75-23 
77-98 

80.73 

71.89 
74.64 

77.39 
80.14 

82.89 


Ecoen' 
tridty. 


Inches. 


.23 
.22 
.21 
.20 
.19 

-51 

-49 
-.48 

•47 
-.46 


Moments  of 
Inertia. 


Aads 
A-A. 


Inches*. 


6047 
6158 

6269 

6380 

6491 

6233 

6344 
6455 
6567 
6678 


Axis 
B-B. 


Inches*. 


5480 

5679 
5863 
6046 
6224 

5773 
5860 

6044 

6227 

6404 


Radii  of  Gyra- 
tion. 


Aads 
A-A. 


Ta 


9.32 
9.21 
9.12 
9.04 
8.96 

9.32 
9.22 
9.14 
9.06 
8.98 


Axis 
B-B. 


rn 


Inches. 


8.87 
8.85 
8.83 
8.80 
8.78 

8.87 
8.85 
8.83 
8.81 

8.79 


12"  X  s8"  Section. 


2433 
2434 

22xf 

28z| 

4X4xJ 

it 

2435 

4 

i( 

« 

ti 

2436 

22Z| 

28zf 

4Mxi 

6z4zA 

2437 
2438 

::j* 

(C 

« 

« 

« 

2439 
2440 

22Z| 

"H 

28zf 

(C 

4^i 

6z4zi 

2441 

"i 

« 

« 

« 

2442 

22x1 

28zf 

4Mxi 

6x4zA 

2443 

"  i 

« 

<c 

« 

2444 

4 

c< 

<( 

tt 

244s 

22zf 

28zt 

4ac4xi 

6z4zf 

2446 

"     i 

l( 

u 

tt 

2447 

7 

<C 

ti 

tt 

2448 

2449 

22zf 

28zf 

4X4xJ 

6x4xH 

2450 

"1 

If 

K 

(1 

6x4z| 


tt 


6z4zA 


« 
« 


6z4zi 
tt 


« 


6x4zA 


tt 
tt 


6z4zf 


« 


6x4xH 


66.94 

69.69 
72.44 

1.89 
1.81 

1-74 

5326 

5447 
5566 

6156 

6389 
6620 

8.92 
8.84 

8.77 

69.22 

71-97 

74-72 

1.50 
1.44 
1.39 

5636 

5753 
5870 

6391 
6623 

6853 

9.02 
8.94 
8.87 

71.50 

74-25 
77.00 

1.14 
1. 10 
1.06 

5920 

6035 
6149 

6627 
6858 
7087 

9.10 
9.01 

8.94 

73.74 
76.49 

79.24 

0.81 
0.78 
0.75 

6184 
6297 
6409 

6858 
7088 

7315 

9.16 
9.07 
8.99 

75-94 
78.69 

81.44 

0.50 
0.48 
0.47 

6422 

6534 
6645 

7086 

7315 
7542 

9.20 
9.11 
9.04 

78.10 
80.85 
83.60 

0.22 
0.21 
0.21 

6642 

6753 
6864 

7311 
7539 
7765 

9.22 
9.06 

9.59 

9.58 

9.56 

9.61 

9.59 

9-58 

9.62 
9.61 
9.60 

9.64 
9.63 

9.61 

9.66 
9.64 
9.63 

9.68 
9.66 

9.64 


^Spacing;  of  rivet  lines  greater  than  30  X  thickness  of  plate'. 
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TABLE  6S.—Ci>nliHiied. 
Pkopbrtibs  of  Top  Chord  Sections. 


'bST 

Web. 

Cover. 

Top. 

Outtlde. 

Iwdde. 

A 

u 

1, 

r^ 

n 

locbu. 

Inche.. 

Incha. 

Inchet. 

t»clu«. 

iDChcgi 

tncbo. 

l»d>c^ 

Iadie«< 

locha. 

iBdH. 

»4SI 

us* 

2453 

T* 

taxi 

4^1 

6i^i 

6x4==! 

80.16 
84.01 

SS.76 

-.OS 
-■OS 
-.04 

696Z 

707J 

7536 

SI 

9-24 
9.16 

9.08 

9.69 
9.67 
9.6s 

14"  X  18" Section.     ASerio.                                                                           1 

:»4S4 

'i4SS 

24S6 
2457 

•i4S8 
1461 

;,46« 

1464 
146s 

>*^ 

•1467 
.468 
1469 

•1470 
*M7l 
1472 
»473 

Tf 

;;  1 

::  ' 

::  * 
'ft- 

.8x1 

4Mi} 
4^i 

4^i 

4»^i 

4Mxl 

*i4i| 
4MfH 
4»4ii 

*I4»J 
4i4xft 

4J4»i 

67.00 
70.00 

;s 

68.71 
71.72 

74-72 
77.72 

70-44 

3;{J 

79-44 

72.12 

7S.I2 

78.12 

Si. 12 

73.76 
76.76 
79.76 
81.76 

2.00 

1.92 

•.'4 

;:§ 

■.!« 

I.JO 

1.18 
•di 

1.23 
1.07 

I-OJ 

0.86 
0.82 

6348 

6502 
6656 
6810 

6617 
6770 
6920 
7071 

687J 
7021 
7170 
73 '9 

7103 

7250 
7397 
7S4J 

7318 
77«7 

6117 

6882 

6287 
6545 
6799 
70S0 

6456 
6712 
6966 
711S 

6625 

688i 

?;b 

678s 
7040 
7292 

7S40 

9.81 

9,63 
9.S4 

9.88 
9.78 
g.69 
9.61 

9-92 
9.82 
9.72 
9.6J 

9.96 
9.86 
9.77 
9.69 

9.56 

9-S4 
9-SJ 
9^5' 

9-S7 
955 
9.)4 
9.52 

9-S8 
9.56 
9-S5 
9-i3 

9.S8 
9.56 

9-S5 
9-S3 

9-S9 
9.S8 
9.56 
9-S> 

24"  X  2*"  Sectloi.     B  Scfle*.                                                                           | 

•2474 
•i47S 
1476 
2477 

% 

28:ii 

*^* 

6x+il 

4.W 

69.00 

72.00 
7S-0O 
78.00 

1. 61 
1-41 

7081 

73" 

9.87 

9.77 

1% 

9.76 
9-74 
9.72 
9.69 

'Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate,                                          1 

TABLE  SS'— Continued. 
Properties  of  Top  Chord  Sections. 


• 

• 

• 

•t^ 

f 

. 

Properties 

of 

Top  Chord  Sectlont. 

^i_ L .  ^ 

'\ CT 

■ 

Six  Angles 

and 

Three  Plates. 

Section 
Num- 
ber. 

Plates. 

Angles. 

Gross 
Azea. 

tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

ta 

tb 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Indies. 

•2478 

•2479 
2480 

2481 

24xA 

"1 

28zt 
It 

« 

4X4xi 

•  (C 

« 

6x4xA 
« 

4^A 

« 

(C 

70.98 
73.98 
76.98 
79.98 

1.26 
I.2I 
1. 17 
I.13 

7010 

7158 

7305 
7452 

6794 
7052 
7306 

7557 

9-94 
9.84 

9-74 
9-65 

9.78 
9.76 

9-74 
9.72 

•2482 
•2483 

2484 
2485 

"« 

«<  i. 

• 

28xf 

it 
« 

4^J 

« 
« 

« 
« 

« 

72.94 

75-94 
78.94 

81.94 

0.94 
0.90 
0.87 
0.84 

7285 

7431 
7577 
7723 

7019 

7275 
7529 
7778 

9.99 

9-89 
9.80 

9-71 

9.81 

9-79 
9-77 
9-75 

•2486 

•2487 
2488 

2489 

"  i 
" , 

4 

28xf 

(1 
tc 
« 

«( 

6x4xtt 

« 

4ac4xH 

« 
« 

74.86 
77.86 
80.86 
83.86 

0.64 
0.62 
0.60 
0.58 

7535 
7680 

7825 
7970 

7244 
7499 
7752 
8001 

10.03 

9.93 
9.84 

9.75 

9.84 
9.82 
9.80 

9.77 

♦2490 

2491 
2492 

2493 

4 

28xf 

« 
« 

« 

6x4x1 
if 

« 

43^4x1 

76.76 
79.76 
82.76 
85.76 

0.36 

0.35 
0.34 

0.33 

7770 

7913 
8057 

8202 

7460 

7715 
7967 

8215 

10.05 

9-96 

9-87 
9.78 

9.86 
9.83 
9.81 

9-79 

24"  X  28" 

'  Section.    C  Series. 

•2494 

2495 
2496 

2497 

«<    ; 

• 

28x| 

(( 
<( 
« 

4^i 

6x^i 

(C 
« 

6x4x} 
« 

71.00 
74.00 
77.00 
80.00 

1.23 
I.19 
1. 14 
1. 10 

7061 
7208 
7356 
7503 

6606 
6864 
7119 
7368 

9-98 
9.87 
9.78 
9.69 

9.65 
9.63 
9.62 
9.60 

•2498 

•2499 
2500 

2501 

• 

28xf 
« 

4X4xi 

<c 

« 

« 

6x4xA 

73.24 
76.24 

79.24 
82.24 

0.85 
0.82 
0.79 
0.76 

7379 

7525 
7671 

7817 

6838 

7095 
7348 
7598 

10.04 

9.93 
9-84 
9.75 

9.66 
9.64 

9.63 
9.61 

•2502 
2503 
2504 
2505 

24^* 

"  4 

4 

28xf 

(« 

« 

4x4x1 

It 

6x4xf 

6x4xf 
« 

75-44 

78.44 
81.44 

84-44 

0.53 
0.51 
0.49 
0.47 

7670 

7815 
7960 
8104 

7068 
7322 

7575 
7823 

10.08 

9-98 

9-89 
9.80 

9.68 

9-67 
9.65 
9.63 

« 

Spacing 

of  rivet 

lines  of  ^ 

reb  greatei 

■  than  30  X  thickn 

less  of  plate. 

id9 


TABLE  S5.— Continued. 
Properties  of  Top  Chord  Sections. 


• 
• 

Propeities 

of 

Top  Chord  Sectkms. 

A-                                U 

>                   4 

Six  Angles 

and 

Three  Plates. 

• 
• 

Section 
Num- 
ber. 

Plates. 

Angles. 

Gross 
Area. 

tiidty. 

MomenUof 
Inertia. 

Radii  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

Inside. 

A 

e 

Ia 

Ib 

Ta 

rB 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Incbe«>. 

Inches. 

Inches*. 

Inches*. 

Inches. 

Inches. 

*2559 
*256o 

2561 

•2562 

•2563 
2564 

26zt 

26x1 

"H 
"  i 

30xtt 

« 
(1 

joxii 

u 
tt 

4X4xi 
« 

« 

6x^H 
6x4x} 

i( 
t( 

« 

4X4xi 

83.49 
86.74 

89.99 

85.39 
88.64 

91.89 

I. II 

1.07 
1.03 

0.82 
0.80 
0.78 

9707 

9894 
IOO81 

lOOII 

IOI95 
10379 

9468 

9807 
IOI39 

9730 
10069 
10400 

10.78 
10.68 
10.58 

10.83 
10.72 
10.62 

10.64 
10.62 
10.61 

10.67 
10.65 
10.63 

a6"  X  30"  Section.    C  Seriet. 

♦2565 

♦2566 

2567 

♦2568 

•2569 
2570 

•2571 

•2572 

2573 

*2574 

•2575 
2576 

'•2577 
♦2578 

2579 

26x1 

«  * 

26xi 
26x| 

"H 

"  1 

26x| 

"t* 

* 

JoxH 

« 

30xH 

il 
(( 

30xH 

ti 
« 

joxtt 

« 

30xH 

« 

4^i 

tt 
tt 
tt 

4X4xJ 
« 

« 

6x4xJ 

<i 

(( 

6x4xA 
<i 

tt 

6x4x1 

i( 

tt 
6x4xH 

(« 
l< 

6x4x1 
« 

6x4xJ 

6x4xA 
6x4xf 

6x4xH 
6x4x1 

79.63 
82.88 
86.13 

81.87 
85.12 
88.37 

84.07 
87.32 

90.57 

86.23 
89.48 

92.73 

88.39 
91.64 

94.89 

1.70 
1.63 

1.57 

1.33 
1.28 

1.24 

0.99 
0.95 
0.91 

0.66 
0.63 
0.61 

0.37 
0.36 

0.35 

9100 
9292 

9481 

9500 
9688 

987s 

9870 

10056 
10243 

102 1 2 

10397 
10582 

10530 
10723 
10897 

8727 
9067 
9403 

9004 

9676 

9275 
9614 
9946 

9548 

9885 

102 1 5 

9817 
IOI54 
10483 

10.69 
10.59 
10.49 

10.76 
10.66 
10.56 

10.83 

10.73 
10.63 

10.88 

10.77 
10.67 

10.92 

10.82 
10.72 

10.46 
10.45 
10.44 

10.48 

10.47 
10.46 

10.50 
10.49 
10.47 

10.51 
10.50 
10.49 

10.53 
10.52 
10.51 

26"  X  32"  SecUon.                                                                               | 

2580 
2581 
2582 

2583 
2584 

2585 
2586 

26x1 

32x1 

4»4xi 

6x4x1 

** 

"  H 

• 

6x4x1 
** 

84.94 
87.22 
89.50 

91.74 

93.94 
96.10 

98.26 

t 

2.77 
2.39 

2.03 

1.69 

1.37 

1.06 

0.80 

9017 
9498 
9948 
10369 
IO761 
III24 
1 1466 

10718 
11048 
11379 
11703 
12023 
12338 
12652 

10.30 
10.44 
10.54 
10.63 
10.70 
10.76 
10.80 

11.23 
11.25 
11.27 
11.29 
11.31 
11.33 
11.35 

•  Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  plate. 
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TABLE  87. 
Properties  of  Plate  Girders. 


Some  specifications  require  that  plate  girders  be  proportioned  by  the  moment  of  inertia  of 
their  gross  section  and  some  by  the  moment  of  inertia  of  their  net  section.  The  moment  of  inertia 
of  the  gross  section  can  be  obtained  by  direct  addition  from  Tables  j,  5  and  13.  The  moment  of 
inertia  of  the  net  section  is  obtained  by  subtracting  the  moment  of  mertia  of  the  holes  from  that 
of  the  gross  section.  The  moment  of  inertia  of  the  holes  can  be  calculated  by  the  formula  /  =  -<^oA*, 
the  moment  of  inertia  of  the  holes  about  their  own  axis  being  negligible,  M  being  the  cubic  con- 
tents of  the  hole  and  A  the  distance  from  the  neutral  axis  to  the  center  of  the  hole. 

The  method  of  calculating  the  moments  of  inertia  of  plate  girders  will  be  illustrated  by  a  typical 
example. 

Example:  Determine  the  moment  of  inertia  and  section  modulus  of  a  section  consistme  of 
4  angles  5  X3j"xj",  long  legs  out,  24J"  back  to  back,  i  web  plate  24"x|",  2  cov.  plates  I2"xi  . 

Moment  of  Inertia  and  Section  Modulus  of  Gross  Section. 


T*An* 

b.  to  b.  Angles. 

Extreme  Fiber. 

Moment  of  Inertia,  Axis  A-A.     '  Section  Modulus. 

Item. 

d 

c 

Table. 

I 

S-Ic. 

Inches. 

Inches. 

Inches. 

Inches*. 

Inches'. 

4  A  5x3  §xi 

1  Wb.  PI.  24xi 

2  Cov.  PI.   I2XJ 

12.25  H-  0.625 

33 
3 

5 

Total  /  = 

2074 

432 
2366 

._4^72, 
12.875 

1 

12.875 

4872 

5  =  378.4 

Moment  of  Inei 

rtia  of  Rivet  1 

loles  (}"  Rivets,  i"  holes). 

Number. 

Size. 

Area. 

Dist.  to 
Hole 

^of 

Di8t.» 

Aah* 

Locatkm. 

] 

t  xd 

A.  -  t  X  d 

h 

h« 

Inches. 

Inches.* 

Inches. 

Inches*. 

Inches*. 

Web 
Flange 

2 

4 

ifxi 
lixi 

2.7 
4.5 

S 
0 

10.3 
12.3 

106. 1 
151.3 

292 
681 

Total  = 

973 

The  Moment  of  inertia  of  the  net  section  is  4872  —  973  —  3899  in.*,  and  the  section  modulus 
is  3899  -J-  12.875  «  302.8  in.». 

Approximate  Methods. 

The  use  of  the  moment  of  inertia  of  the  net  section  in  proportioning  plate  girders,  requires 
that  holes  in  the  compression  flange  be  deducted  as  well  as  those  in  the  tension  flanee.  This  only 
approximates  the  true  condition  so  that  great  accuracy  in  calculating  the  moment  of  inertia  of  the 
net  section  does  not  seem  warranted.  The  following  approximate  solutions  give  results  which  are 
sufficiently  accurate  for  use  in  design. 

I  St  Approximate  Method: 

•    .  .     ,  ^         ...   Net  Area  . .  12 

Net  /  of  Angles 


Gross  /  X  >, . —  =  2074  X   -^ 

dross  Area  16 


1556     Table  33. 


Net  /  of  Web  Pi.  -  Gross  /  of  Net  Depth  =  /  of  22"  X  i"  PI.  = 
Net  /  of  Cov.  Pis.  =  Gross  /  of  Net  Width  =  /  of  2  -  10"  X  J"  Pis. 

Total  Moment  of  Inertia  of  Net  Section 

2d  Approximate  Method: 

i.r     w      ^        r  v>   Net  Area  «      ^^  32. 75  ^    .    . 

Net  /  -  Gross  /  X  ^ . —  -  4872  X  - -^  -  3989  >"•* 

Gross  Area       ^  40.00      '''^ 

Thia  method  gives  more  accurate  results  for  sections  w^ithout  cover  plates. 


333 
1972 

3861  in.< 


« 


(( 


3- 
5- 
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TABLE  88. 
Centers  of  Gravity  of  Plate  Girder  Flanges, 
chicago,  milwaukee  &  st.  paul  ry. 


• 

1          -   .    .       -1 



1 

^-T — 1 

( — f-^ 

11 

' — ! — 1 

r ' — ' 

1 

1 

r  t 

^^-— -dlr 

J 

.._J 

eg: 

_i 

f 

^*v* 

^^ 

u 

^                   Type5 

TYPE  I. 

TYPE  2.                                             1 

Two  Top 

Two  6"x4"  Bottom  Angles. 

'  ^  Two  Top 

Four  6"  X  4"  Bottom  Angles. 

Thickness  in  Inches. 

Thickness  in  Inches. 

Angles. 

Angles. 

1 

\ 

f 

i 

i 

1 

\ 

A 

1 

\ 

i 

Inches. 

In. 

In. 

In. 

In. 

In. 

Inches. 

In. 

In. 

In. 

In. 

In. 

In. 

8X8XJ 

3.8l 

4.12 

4-35 

455 

4.70 

8X8Xi 

5.12 

5-53 

5.69 

'       5^85 

6.07 

6.27 

■ 

3.62 

3.90 

4>5 

4.30 

4-45 

4.81 

5.22 

5.4c 

>      5^54 

5.79 

5.98 

4 

349 

3-75 

3.96 

4.13 

4^27 

4 

4-59 

499 

5.16 

•      5-30 

5-55 

5.75 

•  • 

3-39 

3.70 

3.83 

3-99 

413 

» 

4.42 

4.80 

4.96 

>      5. II 

5.25 

5.57 

I 

3-33 

3.SS 

3-73 

3.89 

4.03 

I 

4.28 

4.65 

4.81 

4.96 

SI9 

541 

li 

3.28 

3.48 

3.67 

3.81 

3  94 

li 

4.38 

4-53 

4.66 

)      4.82 

5.06 

5.26 

TYPE  3.                                                                                          1 

Width 

Size 

of 

Thickness  of  Plate.  Inches. 

of  Angles. 

Plate. 

In. 

In. 

0 
1.68 

1 
I.I 

\ 
I    .98 

1 
.86 

\ 
.73 

i 
.63 

Z         I 

.52.. 

\z   33 

il 

.24 

I* 
.15 

.07 

li 

—  .02 

i| 

a 

2\ 

3 

6X6Xi 

13 

—  .10  —.18 

14 

I.0( 

?    .9S 

.82 

.70 

•59 

.48.: 

J9    .29 

.20'  .11 

.03  —  .o6|  — .14  —  .22 

IS 

i.o: 

1    .92 

•79 

.66 

•55 

•45-: 

15    .25i.i6   .07 

—  .01 

-.io;-.i8:-.26 

16 

I. a 

\   .89 

n 

.63 

•52 

•41  •: 

|i    .21 

.12,  .04 

-.05 

-.13 

-.2I|-.29 

6X6Xf 

13 

1.73  1.2. 

1. 1. II 

•99 

.87 

^11 

.67.. 

>7    .47 

.38 

.30 

.21 

.13 

.04  —.04 

14 

1.21  1.08 

•95 

.83 

•73 

.63 .« 

>3    ^43 

.34 

.25 

•17 

.08 

.oo'  —  .08 

15 

1. 191 1.05 

.92 

.80 

.69 

•59  •^ 

^9    ^39 

.30 

.21 

.13 

.04 

—  .04  —.12 

16 

1. 16  1.02 

.89 

•77 

.65 

•55  •^ 

^5l  •35^26 

.17 

.09 

.00  —.08, —.161 

6X6Xi 

13 

1.78 

1.34  1.21 

1. 10 

.99 

.89 

.79|.69    .60I.51 

•42 

.34 

.25    .16 

.09 

14 

I.31  1.181.07 

•95 

.85 

•751.65    'S^ 

.46 

.38 

.29 

.20 

.12;     .05 

IS 

1.291.1511.03     .92 

.81 

.71  .61,  .511.42 

•33 

.25 

.16 

.06     .00 

16 

1.26  1.13  i.oo;  .88 

.78    .67.59    .47.38 

.29 

.21 

.12 

.03  -.04 

6X6Xi 

13 

1.82  I.42|i.30|i.i9 

1.09 

.99    .89 .80    .71  .62 

•54 

.45 

•37 

.29       .21 

14 

1.39  i.27;i.i6  1.05 

.95    .85  .76I  .66  .57 

.49 

.40 

.32 

.24     .16 

IS 

1.37  1.24,1.13  I.OI 

•91 

.81  .72,  .62,.53 

.44 

.36 

.27 

.19    .11 

16 

1.3, 

\  1.22  1. 10 

.98 

.87 

.78  .e 

)8    .58 

•49 

.40 

.32 

.22 

.14 

.07 

8X8Xi 

17 

2.19  1.4! 

3  1.32  1. 17 

1.03 

•90 

.78 

.56 

.36 

.17 

-.oi|-.33 

-.64 

18 

I1.46  1. 291 1. 14 

1.00 

.861  .74 

.52 

.32 

.13 

-.04-.37i-.68 

8X8X1 

17 

2.23  1.63  1.47  1. 32| 1. 19' 1.07 

.95 

•73 

.53 

.34 

.i7'-.i6-.48 

18 

1.60  1.44  I.29|l.I5|I.02 

■91 

.69 

.49 

.30 

.12  —.21 —.52 

8X8X1 

17 

2.28 

1.75  1.60I1.46 

1.33  1.22  1. 10 

.88 

.68 

.46 

.31  -.02;-.36 

18 

1.721.57,1.43 

1.29!  1. 17' 1.06 

.84 

.64 

•f^ 

.27.  — .06  —.40 

8X8XJ 

17 

2.3211.8 

5i.7M.S7 

1.451.3311.22 

I.oo 

.81 

.62 

.45      .11  —.20 

18 

1.8 

I  1.67  1.53  1.41I1.29  1.18 

.96 

.77 

•57 

^0      .07, -.25 

8X8X1 

17 

2.37 

1.9. 

\  1.80  1.68  1.55,1.4511.35 

1. 13 

•94 

•75 

.58 

.25 

-.08 

18 

i.9( 

3  1.76  1.64 

1.5111.40  1.30 

1.09 

.89 

.71 

.53 

.20 

-.12 

8X8Xii 

17 

2.41  2.0 

2  1.89  1.77 

1.66, 1.55!  1.45 

1.25 

1.05 

•87 

.70     .36 

.06 

18 

1.9 

8  1.85  1.73 

1.62  1.50 

i.40| 

1.20 

I.oo 

.83 

.65      .32 

.01 
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TABLE  89. 
Upset  Screw  Ends  for  Square  Bars, 
american  bridge  company  standard. 


''iVKMiMtti 

tvMvtvtitttvM 

it! 

.)1 

■i 

• 

1 

UNrrVWirV 

......J 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard. 

BAR. 

UPSET. 

Side  of 
Square 

d, 
iQchea. 

Area, 

Sq. 

Inchefl. 

Weight 

Foot. 
Lbs. 

Diameter 

b. 

Inches. 

Length 

a. 
Inches. 

Additional 
LengtJi 

for 
Upaet 
+10%. 
Inchet. 

Diameter 

at 
Root  of 
Thread 

c, 
Inches. 

Area 

• 

At  Root 

of 

Tliread. 

Sq.  Inches. 

Over 
Area  of 
Bar.%. 

♦1 

0.563 

1. 91 

li 

4 

4 

0.939 

0.693 

23.2 

♦f 

0.766 

2.60 

li 

4 

3} 

1.064 

0.890 

16.2 

1.000 

3.40 

li 

4 

4 

1.283 

1.294 

29.4 

li 

1.266 

4.30 

If 

4 

3f 

1.389 

I.515 

19-7 

li 

1-563 

531 

If 

4i 

4f 

1. 615 

2.049 

31.1 

i| 

1. 891 

6.43 

2 

4i 

4 

I.71I 

2.300 

21.7 

li 

2.250 

7.65 

2i 

5 

s 

1. 961 

3.021 

34-3 

If 

2.641 

8.98 

^i 

S 

4* 

2.086 

3419 

29.5 

li 

3.063 

10.41 

2i 

5i 

4i 

2.175 

3.716 

21.3 

li 

3.516 

11.95 

2l 

Si 

5 

2.425 

4.619 

3M 

2 

4.000 

13.60 

2f 

6 

S 

2.550 

5.108 

27.7 

2i 

4.516 

15-35 

3 

6 

4i 

2.629 

5428 

20.2 

2i 

5-063 

17.21 

3i 

6i 

5i 

2.879 

6.509 

28.6 

2i 

5.641 

19.18 

3i 

7 

6i 

3.100 

7.549 

33-8 

ai 

6.250 

21.25 

3i 

7 

7 

3-317 

8.641 

38.3 

»l 

6.891 

23.43 

3i 

7 

Si 

3.317 

8.641 

254 

2i 

7.563 

25.71 

4 

7i 

6i 

3.567 

9.993 

32.1 

if 

8.266 

28.10 

4i 

8 

7§ 

3.798 

11.330 

37.1 

3 

9.000 

30.60 

4l 

8 

6 

3.798 

11.330 

25.9 

3i 

9.766 

33-20 

4i 

8i 

7 

4.028 

12.741 

30.5 

3i 

10.563 

35-91 

4i 

8i 

7i 

4.255 

14.221 

34.6 

Upse 

ts  marked 

*  are  specij 

ll. 
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TABLE  90. 
Upset  Sckbw  Ends  for  Round  Bars, 
american  bridge  company  standard. 


4 

< 

< 

—-■'MvMvMi 

H 

ill 

1 
1 

• 

-i 

^^>fWW¥^ 

h 

a^ — 

■ *{ 

PItcfa  and  Shape  of  Thread  A.  B.  Co.  Standard. 

BAR. 

UPSET. 

« 

Diameter 

d. 
Inches. 

Area, 
Inches. 

Weight 

per  Foot. 

Lb. 

Diameter 
b. 

Length 

a. 
Inches. 

Additional 
Length 

for  Upset 
+10%, 
Inches. 

Diameter 
at  Root 

of  Thread 

c. 

Inches. 

Area 

• 

At  Root 
of  1  hread, 
Sq.  Inches. 

Excess 
Over  Area 
of  Bar,  %. 

*i 

0.442 

1.50 

I 

4 

4 

0.838 

0.551 

24-7 

•i 

0.601 

2.04 

li 

4 

5 

1.064 

0.890 

48.0 

I 

0.785 

2.67 

i| 

4 

4 

I.158 

1.054 

34.2 

li 

0.994 

3.38 

Ii 

4 

4 

1.283 

1.294 

30.2 

It 

1.227 

4.17 

If 

4 

4 

1.389 

I.515 

23.5 

li 

1.48s 

5.05 

Ii 

4 

4 

1.490 

1.744 

17.5 

ii 

1.767 

6.01 

2 

4i 

4i 

I.711 

2.300 

30.2 

li 

2.074 

7.05 

ii 

4i 

4 

1.836 

2.649 

27.7 

li 

2.405 

8.18 

ai 

5 

4 

1. 961 

3.021 

25.6 

li 

2.761 

9.39 

2| 

S 

4 

2.086 

3-419 

23.8 

2 

3.142 

10.68 

ii 

5i 

4 

2.17s 

3.716 

18.3 

ii 

3.547 

12.06 

ii 

5i 

3i 

2.300 

4.156 

17.2 

it 

3.976 

13.52 

il 

6 

4i 

2.550 

5.108 

28.4 

*l 

4-430 

15.06 

3 

6 

4i 

2.629 

5.428 

22.5 

»i 

4909 

16.69 

3i 

6i 

5i 

2.879 

6.509 

32.6 

ii 

5.412 

18.40 

3i 

6i 

4i 

2.879 

6.509 

20.3 

ii 

5.940 

20.19 

^i 

7 

5i 

3.100 

7.549 

27.1 

2f 

6.492 

22.07 

3i 

7 

6 

3-317 

8.641 

33.1 

3 

7.069 

24.03 

3i 

7 

5 

3.317 

8.641 

22.2 

3i 

7.670 

26.08 

4 

7i 

6 

3-567 

9.993 

30.3 

3i 

8.296 

28.21 

4 

7§ 

5 

3.567 

9.993 

20.5 

3l 

8.946 

30.42 

4i 

8 

5i 

3.798 

11.330 

26.6 

3i 

9.621 

32.71 

4i 

8 

5 

3.798 

11.330 

17.8 

3l 

10.321 

35-09 

4} 

8J 

Si 

4.028 

12.741 

23-4 

3i 

11.045 

37-55 

4i 

8J 

6 

4-255 

14.221 

28.8 

3{ 

11.793 

40.10 

4i 

8i 

5i 

4.255 

14.22! 

20.6 

UpM 

ts  marked 

*  are  speci. 

>1. 
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TABLE  93. 

ClB  VISES. 
AMERICAN  BRIDGE   COMPANY  STANDARD. 

All  dimennons  in  inches. 


!  Ocanuioe  Line 
^lT< S- — J 


;£Ofip 


Grip  -  thldmefls  of  plate  +  i". 


13 


& 


3 

4 

5 
6 

7 


Head. 

i 

ti 

D 

T 

3 

i 

4 

i 

5 

i 

6 

1 

7 

{ 

Diameter 

of  Pin. 

P. 


Max. 


2 

3 
3} 


Min. 


I 
li 

li 

2 

2i 


w 


2 

3 
3i 


§ 


3A 
3f 

4i 

5l 

6A 


If 

2i 

3i 


5 
6 

7 
8 

9 


Diameter 
of  UpMt. 


Max. 


If 

2i 

2i 


Min. 


I 

1} 

2 


Nut. 


N 


1§ 

3 


B 


»i 

3f 
4l 

5 


4 
8 

i6 

26 

36 


3 

4 

5 
6 

7 


Clevis  Numbers  for  Various  Rods  and  Pins. 


Rods. 


Pina. 


Round. 


Square.  Upset. 


i 


I 

li 
il 
If 

li 
If 
li 

li 

2 

2i 

ii 

2| 


i 
i 


I 
li 


l| 


li 
l| 

li 
li 

2 


I 

li 

li 

1} 

li 

li 

li 

li 
2 

2| 
2i 
2| 

2i 
2i 

2} 


3 
3 


li 


i 


4 

4 
4 

4 


!♦ 


3 
3 
4 


4 
4 
5 
5 
5 
5 


li 


4 
4 
4 
4 

4 


S 
5 
S 
5 


4 
4 
4 
4 

4 


ai 


5 

5 

5 
6 

6 

6 


S 
5 
5 
5 

A 


5 
6 

6 

6 


2i 


5 
5 
5 
5 
5 


ai 


6 
6 
6 

7 
7 


6 
6 
6 
6 


6 

7 
7 


3i 


6 
6 
6 
6 
6 


7 
7 


7 

7 

7 
7 

7 


Ji 


7 

7 
7 
7 
7 


Qevises  to  be  used  with  the  Rods  and  Pins  given  above. 

Qevises  above  and  to  right  of  zigzag  line  may  be  used  with  forks  straight,  those  below  and  to 
left  of  this  line  should  have  forks  closed  so  as  not  to  overstress  pin. 


J 
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TABLE  95. 

Bridge  Pins  and  Nuts. 

american  bridge  coupanv  standard. 

All  Dimenuons  in  Inches. 


DiBmelerol 

Pin. 

Tlucad.            Add    1  Thick- 

Dian«t«. 

Dlun- 

41 

n„ 

" 

Grip. 

t 

a 

m 

R^^h 

U 

nT 

j^ 

1 

J 

I 

2H 

ii 

'( 

,1 

,  , 

PNii 

4l 

1* 

3.       '3  . 

^ 

S 

( 

PN13 

•4l,      4; 

•4) 

6i 

J 

PNil 

5, 

•si 

6i 

tA 

5 

PN-»S 

"•  !!!■ 

*' 

; 

i 

L 

«* 

ift 

7 

? 

PN  J7 

TABLE  96. 

Cotter  Pins. 

amekican  bridge  company  standard. 

All  Dimensions  in  Inches. 


HosizoNTAi.  OR  Vertical  Pin  Finished. 


Pin. 


li 

3 
h 


Head. 


H 


li 

2 

2l 

2| 

2i 

3i 

3* 

3J 

4 

4i 


+ 

•c 
O 

♦J 

o 


Cotter. 


2 

2i 

3 

3i 

4 

S 

5 
6 

6 


Horizontal  Pin  Rough  or  Finished. 


Pin. 


a 

U 

o 


Cotter. 


c 

D 

2 

i 

2| 

2i 

3 

■ 

3} 

3f 

4 

' 

5 

1  • 

5 

1  ■ 

6 

1 ' 

6 

'  ' 
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TABLE  97 
Bearing  Values  of  Pins. 


Pin. 

Bearing  Value  of  Plate  x" 

Thick  for  Unit  Stxeae  per  Square  Inch  of 

Diam.  of  Pfn 
in  In. 

Diam.  in  In. 

Area. 

12  000 

15  000 

20  000 

22  000 

24  000 

I 

.785 
1.227 
1.767 
2.405 

12  000 
15  000 
18  000 
21  000 

15  000 
18  800 
22  500 
26  300 

20  000 
25  000 
30  000 

35  000 

22  000 
27  500 
33  000 
38  500 

24  000 
30  000 
36  000 
42  000 

I 

2 

2i 

3.142 

3-976 

4909 
5.940 

24  000 
27  000 
30  000 

33  000 

30  000 
33  800 
37  500 
41  300 

40  000 

45  000 
50  000 
55  000 

44000 

49  500 
55  000 
60  500 

48  000 
54  000 
60  000 
66  000 

2 
*i 

3 

3i 

3 
31 

7.069 

8.296 

9.621 

11.045 

36  000 
39  000 
42  000 
45  000 

45  «x> 

48  800 

52  500 
56  300 

60  000 
65  000 
70  000 

75  «» 

(£  000 
71  500 

^^  000 
82  500 

72  000 
78  000 
84  000 
90  000 

4 

4* 
4i 

12.566 
14.186 
15.904 
17.721 

48  000 
51  000 

54  «x> 
57  000 

60  000 
63  800 
67  500 
71  300 

80  000 
85  000 
90  000 

95  000 

88  000 

93  500 

99  000 

104  500 

96  000 
102  000 
108  000 
114  000 

4 

4i 

4f 

4i 

•   5, 
si 

si 

19.635 
21.648 

23.758 

25.967 

60  000 
63  000 
66  000 
69  000 

75  000 
78  800 
82  500 
86  300 

100  000 
105  000 
no  000 
115  000 

no  000 
115  500 
121  000 
126  500 

120  000 
126  000 
132  000 
138  000 

1 

6 
6i 

6i 

28.274 
30.680 
33-183 

35785 

72  000 

75  000 
78  000 

81  000 

90  000 

93  800 

•97  500 
loi  300 

120  000 
125  000 
130  000 

135  000 

132  000 
137  500 

143  000 
148  500 

144000 
150  000 
156  000 
162  000 

6 
6i 
6i 
61 

7, 

7* 
7i 

7i 

38.485 
41.282 

44179 
47173 

84  000 
87  000 
90  000 
93  000 

105  000 
108  800 
112  500 
116  300 

140  000 
145  000 
150  000 
155  000 

154  000 
159  500 
165  000 
170  500 

168  000 
174  000 
180  000 
186  000 

7 
7i 
7i 
7i 

8 

8i 
8i 

8i 

50.265 

53.456 

56.745 
60.132 

96  000 

99  000 

102  000 

105  000 

120  000 
123  800 
127  500 
131  300 

160  000 
165  000 
170  000 
175  000 

176  000 
181  500 
187  000 

19*  500 

192  000 

198  000 
204  000 
210  000 

8 

8) 
8} 

9 
9i 

9i 
9i 

63.617 
67.201 
70.882 
74.662 

108  000 
III  000 
114  000 
117  000 

135  a» 
138  800 

142  500 

146  300 

180  000 
185  000 
190  000 
195  000 

198  000 
203  500 
209  000 
214  500 

216  000 
222  000 
228  000 
234  000 

10 

loi 
io| 
loi 

78.540 
82.516 
86.590 
90.763 

120  000 
123  000 
126  000 
129  000 

150  000 
153  800 
157  500 
161  300 

200  000 
205  000 
210  000 
215  000 

220  000 
225  500 
231  000 
236  500 

240  000 
246  000 
252  000 
258  000 

10 

lOj 
lOl 

10} 

II 

III 
III 

95-033 
99.402 

103.869 

108.434 

132  000 

13s  000 
138  000 

141  000 

165  000 

168  800 
172  500 
176  300 

220  000 
225  000 
230  000 
235  000 

242  000 
247  500 
253  000 
258  500 

264  000 
270  000 
276  000 
282  000 

II 

III 

11! 

12 

113.097 

144  000 

180  000 

240  000 

264  000 

288  000 

12 
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TABLE  98 
Bending  Moments  on  Pins. 


Pin. 


Diam. 
in  In. 


1} 

3 

ft 

i 

si 

6 
61 
6J 
61 

7 

8 
81 

i 


Area. 


Max.  Moments  in  Indi-Pounds  for  Fiber  Stzeas  per  Square  Inch  of 


12 


.785 
1.227 

1.767 
2.405 

3.142 
3.J76 

4909 
5-940 

7.069 

8.296 

9.621 

11.04s 

12.566 
14.186 

15-904 
17.721 

19615 
21.648 

as  .758 

25.967 

28.274 
30.680 
33.183 

35-785 

38.485 
41.282 

44179 
47-173 

50.265 

53456 

56.745 
60.132 

63.617 
67.201 
70.882 
74.662 

78.540 
82.516 
86.590 
90.763 

95.033 

99.402 

103.869 

108.434 

113.097 


15  000 


18  000 


1  470 

2  880 

4  970 
7890 

II  800 
16  800 
23  000 
30  600 

39  800 
50  600 
63  100 
77  700 

94  200 
113  000 
134  200 
157  800 

184  100 
213  100 
245  000 
280  000 

318  100 

359  500 
404  400 

452  900 

505  100 
561  200 
621  300 
685  500 

754  000 
826  900 

904  400 
986  500 

I  073  500 

I  165  500 

I  262  600 

I  364  900 

I  472  600 
I  585  900 
I  704  700 


I  770 

3  450 
5  960 
9  470 

14  100 
20  100 
27  600 
36  800 


75 
93 


700 
700 
800 
200 


20  000 


113  100 

135  700 
161  000 

189  400 

220  900 
255  700 
294  000 
336  000 

381  700 
431  400 
485  300 

543  500 

606  100 
673  400 

745  500 
822  600 

904  800 

992  300 

I  085  300 

I  183  900 

I  288  200 

I  398  600 

I  515  100 

I  637  900 

I  767  100 

1  903  000 

2  045  700 


I  829  4002  195  300 


1  960  100 

2  096  800 
2  239  700 
2  388  900 

2  544  700 


2  352  100 
2  516  100 
2  687  600 

2  866  700 

3  053  600 


I  960 

3  830 

6  630 

10  500 

15  700 
22  400 
30  700 
40  800 

53  000 

67  400 

84  200 

103  500 

125  700 
150  700 
178  900 
210  400 

245  400 
28^  100 
326  700 

373  300 

424  100 

479  400 
539  200 
603  900 

673  500 
748  200 
828  400 
914  000 

I  005  300 

I  102  500 

I  205  800 

I  315  400 

I  431  400 

I  554  000 

I  683  500 

I  819  900 

1  963  500 

2  114  500 
2  273  000 
2  439  200 

2  613  400 
2  79?  700 

2  986  200 

3  185  200 

3  392  900 


22  000 


2  160 

4  220 

7  ^90 
II  580 

17  280 
24  600 

33  700 
44  900 

58  300 

74  ia> 
92  600 

113  900 

138  200 
165  800 
196  800 
231  500 

270  000 
312  500 

359  300 
410  600 

466  500 
527  300 
593  100 
664  300 

740  800 

823  100 

911  200 

I  005  400 


22  500 


105  800 
212  800 
326  400 
446  900 


2  210 

4  310 

7  460 

It  800 

17  700 
25  200 
34  500 
45  900 

59  600 

75  800 

94  700 

116  500 

141  400 
169  600 
201  300 
236  700 

276  100 
319  600 
367  500 
419  900 

477  100 
539  300 
606  600 
679  400 

757  700 

841  800 

931  900 

I  028  200 

I  131  000 

I  240  400 

I  356  600 

I  479  800 


I  574  S«> 
I  709  400 

1  851  800 

2  001  900 

2  159  800 
2  325  900 
2  500  300 
2  683  200 

2  874  800 

3  075  200 
3  284  900 
3  503  800 

3  732  200 


24  000 


610  300 
748  300 
893  900 
047  400 


25  000 


2  208  900 
2  378  800 
2  557  100 
2  744  100 

2  940  100 

3  145  100 
3  359  500 
3  583  400 

3  817  000 


2  360 
4  600 

7  950 
12  630 

18  800 
26  800 
36  800 
49  000 

63  600 

80  900 

loi  000 

124  300 

150  800 
180  900 
214  700 
252  500 

294  500 
340  900 
392  000 

447  900 

508  900 

575  ioo 
647  100 

724  600 

808  200 

897  900 

994  000 

I  096  800 

I  206  400 

I  323  000 

I  447  000 

I  578  500 

I  717  700 

1  864  800 

2  020  100 
2  183  900 

2  356  200 
2  537  400 
2  727  600 

2  927  100 

3  136  100 

3  354  800 

583  500 
822  300 

4  071  500 


2  450 

4  790 

8  280 

13  200 

19  600 
28  000 
38  300 
51  000 

66  300 

84  300 

105  200 

129  400 

157  TOO 

188  400 
223  700 
263  000 

306  800 
355  200 
408  300 
466  600 

530  100 
599  200 
674  000 
754  800 

841  800 

935  300 
I  035  400 
I  142  500 

I  256  600 

I  378  200 

I  507  300 

I  644  200 

I  789  200 

1  942  500 

2  104  300 
2  274  900 

2  ^54  400 
2  643  100 

2  841  200 

3  049  100 

3  266  800 
3  494  600 
3  732  800 

3  981  600 

4  241  200 


Diam. 
of  Pin 
in  In. 


11 

li 

2 

z] 
3 

J} 


12 
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TABLE  101. 

Screw  Threads. 

american  bridge  company  standard. 

Bolts,  Rods,  Eye  Bars,  Turnbuckles,  Sleeve  Nuts,  and  Clevises. 


Diameter. 


Total 
d. 
In. 


i 


2 

2i 
2l 
2| 


Net, 
c, 
In. 


.185 
.294 
400 
.507 
.620 

.731 

.838 

•939 
1.064 

1.158 
1.283 
1.389 
1.490 
1.615 

1.711 
1.836 
1. 961 
2.086 


il 


-IH 


Area. 


Total 
Dia..  d, 
Sq.  In. 


.049 
.110 
.196 
.307 

•442 
.601 

.785 

•994 
1.227 

1.48s 

1.767 

2.074 

2.405 

2.761 

3.142 

3.547 
3.976 

4.430 


Net 
Dia..  c, 
Sq.  In. 


.027 
.068 
.126 
.202 
.302 
.419 

•551 
.693 

.890 

1.054 

1.294 

I.5IS 

1-744 
2.049 

2.300 
2.649 
3.021 
3.419 


Number 

of 

Threads 

per 

Inch. 


20 
16 

13 
II 

10 


Diameter. 


Total, 
d. 
In. 


9 

3 
3l 

8 

3^ 

7 

3} 

7 

6 

4 

6 

4i 

54 

44 

5 

4i 

5 

5 

^* 

5 

^t 

5 

+* 

5 

44 

6 

2k 
2i 


Area. 


Net. 
c. 
In. 


2.175 
2.300 

2.425 

2.550 

2.629 
2.879 
3.100 

3317 

3.567 
3.798 
4.028 

4^255 

4.480 

4.730 

4.953 
5.203 

5.423 


Total 
Dia..  d, 
Sq.  In. 


Net 

Dia.,  c 
Sq.  In. 


4.909 
5.412 

5.940 

6.492 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 

15904 
17.721 

19.635 
21.648 
23.758 
25.967 
28.274 


3.716 
4.156 
4.619 
5.108 

5.428 
6.509 

7-549 
8.641 

9.993 
11.330 

12.741 

14.221 

15.766 

17.574 
19.268 

21.262 
23.09s 


Number 

of 

Threads 

per 

Inch. 


4 
4 
4 
4 

3l 
3 

M 

M 


h-f-'. 


Bolt  Heads  and  Nuts. 
american  bridge  company  standard. 


Rough  Nut. 


i.5d  +  i 


// 


Finished  Nut. 


i-Sd  +  A" 


d-A" 


Roush  Head. 


i-Sd  +  i 


tr 


o.5f 


Finidied  Head. 


I.5d  +  A" 


o.sf  -  A 


// 


For  Screw  Threads,  Bolt  Heads  and  Nuts,  the  American  Bridge  Company  has  adopted  the 
Franklin  Institute  Standard,  commonly  known  as  United  States  Standard. 
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TABLE  103. 

Bolts  with  Hexagon  Heads  and  Nuts. 

american  bridge  company  standard. 

Weight  in  Pounds  per  ioo  Bolts. 


Length 
Under 
Head. 
Inches. 

i 

Diameter  of  Bolt,  Inches. 

Length 
Under 

Diameter  of  Bolt.  Inches. 

1 

i 

1 

' 

Head. 
Inches. 

i 

1 

« 

1 

I 

I 

19 
20 

33 
34 
36 
38 
40 

52 

54 

57 
60 

8 

58 
60 

92 

96 
100 

137 

143 
149 

156 

162 

194 
202 

264 
274 
285 
296 

307 

If 

2 

• 

81 
9 

10 

22 

63 
66 

210 

23 

IDS 
109 

2IQ 

63 

93 

132 

68 

7 
227 

*l 

26 

43 

66 

97 

137 

loi 

71 

114 

168 

236 

318 

*§ 

27 

45 

69 

lOI 

143 

II 

74 

118 

174 

244 

329 

2i 

29 

47 

72 

105 

148 

"i 

77 

122 

181 

253 

341 

30 

49 

75 

109 

154 

12 

80 

127 

187 

261 

352 

3i 

31 

51 

78 

114 

160 

I2i 

82 

131 

193 

270 

363 

3i 

33 

54 

82 

118 

165 

13 

85 

135 

199 

278 

374 

3} 

34 

56 

85 

122 

171 

I3I 

88 

139 

206 

287 

385 

35 

58 

88 

126 

176 

14 

91 

144 

212 

295 

396 

4i 

37 

60 

90 

130 

180 

i4i 

93 

148 

218 

304 

407 

4i 

38 

62 

94 

134 

186 

15 

96 

152 

225 

312 

418 

4f 

39 

64 

97 

138 

191 

i5i 

99 

157 

231 

321 

430 

41 

66 

100 

143 

197 

16 

102 

161 

237 

329 

441 

Si 

42 

68 

103 

147 

202 

i6i 

los 

165 

243 

338 

452 

Si 

44 

71 

106 

151 

208 

17 

107 

170 

250 

346 

463 

si 

45 

73 

109 

156 

213 

I7i 

no 

174 

256 

355 

474 

6 

46 

75 

112 

160 

219 

18 

"3 

177 

262 

364 

485 

6i 

48 

77 

115 

164 

225 

I8i 

116 

183 

268 

372 

496 

6J 

49 

79 

119 

168 

230 

19 

119 

187 

275 

381 

507 

6J 

51 

81 

122 

173 

236 

19I 

121 

191 

281 

389 

519 

7 

52 

84 

125 

177 

241 

20 

124 

196 

287 

398 

530 

7l 

Cl 

86 

128 

181 

247 
252 

258 

7J 

ss 

S6 

88 

I'M 

185 
100 

7i 

90 

114 

J*T        • 

1 

Per  Inch 

Per  Inch 

Additional 

S-6 

8.7 

12.5 

17.0 

22.3 

Additional 

5.6 

8.7 

12.5 

17.0 

22.3 

Hexagon  Nuts 

AND  Bolt  V 

Ieads. 

Weigh 

TS  IN  ] 

Pounds  for  ( 

3ne  Head  a 

ND  One  Nut. 

Diameter  of  Bol 

t.  Inches 

. 

ij 

li 

i| 

3 

2* 

3 

Hexagon  Head  and 
Weight  of  Shank  pei 

Nut.. . 

1.73 
•3479 

7, 

.95 
.5007 

4.61 
.68 

6.79 
.8900 

13.0 
I.39I 

22.0 

r Inch . 

15 

2,003 
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TABLE  105. 
Lengths  of  Bolts  and  Tib  Rods. 


B 


K— 


3^ 


— >i 


< 


Diameter.                I 

Grip. 

1 

»" 

f" 

«" 

1" 

I" 

i" 

li" 

Ij" 

li" 

ir 

if" 

■  ■ 

I;: 

li 

I 

If 

if 

I 

I 

i\' 

If 

2 

} 

ij 

if 

if 

2 

2 

I 

if 

If 

2 

2 

2i 

i 

i} 

2 

2 

2 

2 

' 

2 

2 

2: 

2 

2 

2 

2 

2  : 

2 

2 

1 

2: 

2 

2 

2 

2i' 

* 

2 

2 

2 

2; 

2V 

J 

2 

2 

2; 

2f 

3 

i 

2i 

2i 

2f 

3 

3 

2 

2i 

2f 

3 

3 

3i 

i 

2} 

3 

3 

3 

3¥ 

' 

3 

3 

3 

3 

3: 

3 

3 

3 

3 

3^ 

■  ■ 

3i 

3 

3 

3 

3: 

. 

3 

3 

3 

3t 

3i 

i 

3 

3 

3* 

3: 

4 

i 

34 

3i 

3i 

4 

4 

i 

4 

4 

4 

4 

4i 

'■ 

4 

4 

4 

4 

4J 

4 

4 

4i 

4 

4i 

4 

4i 

4i 

4 

4i 

1 ' 

4 

4i 

4i 

4: 

5 

4 

4i 

4i 

5 

5 

4i 

4i 

5 

5 

5 

4i 

S 

5 

S 

5 

Grip. 


r 

i 
i 
i 

i 

! 

i 

■ 

'i 
i 
i 
i 
i 

1 

4 

i 


i 


i 
i 

r 

i 


i 

1 

4 


Diameter. 

Grin. 

5" 

S" 

1" 
S" 

1" 

5'; 

I" 
Si" 

»" 

8" 

9" 

5 

5 

5 

si 

Si 

i 

9 

5 

S 

Si 

si 

s 

J 

9 

5 

Si 

si 

5* 

S: 

1 

9 

Si 

si 

si 

si 

6 

1  ■ 

9 

si 

si 
si 

si 

6 

6 
6 

6 
6 

9 
9 

si 

6 

6 

6 

6 

i 

9i 

6 

6 

6 

6 

6i 

9 

10 

6 

6 

6 

6 

6i 

i 

10 

6 

6 

6i 

6 

6i 

10 

6 

6i 

6i 

& 

6i 

} 

10 

6i 

6i 

6J 

6 

7 

1 

10} 

6} 

6i 

6i 

7 

7 

1 

loi 

6i 

6i 

7 

7 

7 

f 

loi 

6i 

7 

7 

7 

7 

i 

loi 

7 

7 

7 

7. 

7i 

10 

II 

7 

7 

7 

7i 

7i 

i 

II 

7 

7    • 

7i 

7 

7 

II 

7 

7i 

7i 

7 

7 

f 

II 

7 

7i 

7i 

7 

8 

i 

II 

7 

7i 

7i 

8 

8 

i 

II 

7 

7i 

8 

8 

8 

a 
4 

II 

7i 

8 

8 

8 

8 

i 

III 

8 

8 

8 

8 

8i 

II 

12 

8 

8 

8 

8i 

8i 

i 

12 

8 

8 

8i 

8i 

8i 

12 

8 

8 

8i 

8i 

8i 

} 

12 

8i 

a 

8i 

8i 

9 

8i 

8 

8i 

9 

9 

8i 

8: 

9 

9 

9 

8i 

9 

9 

9 

9 

Diameter. 


f" 


9" 

9 

9 

9i 

9i 

9i 

9i 

ID 

10 
10 
10 
lOi 

loi 
10} 

loi 
II 

II 
II 
II 

Ilj 

Hi 
iii 
iii 
12 

12 
12 
12 


iff 


9" 
9 

9l 
9) 
9} 
9i 


o 

o 

oi 

oi 

oj 

ol 

I 

I 

I 
I 

1} 
li 
li 
li 

2 
2 

2 
2 


i 


ff 


tl 


9 

9i 

9i 

9i 

9i 

O 

o 
o 

o 

oj 

oi 

oi 

oi 

I 

I 

I 

I 

li 
li 
li 
li 

2 
2 
2 


9i" 

9i 
9i 
9i 

[O 
[O 
[Q 
10 

toi 
loi 
lol 
toi 

I 

I 

I 

I 

li 
li 

li 
li 

[2 
[2 
[2 
12 


For  Cut  Threads 
use  i''.  I"  and  \"  Rods 


t* 


■Lnffth-- 


I 


•  I 


» I 


,f^SC^ 


..iXH:.Jw>L3^^??iHL' 


•       I 
!      •> 


j!f>?iaiiL.«'>.a!:  H"i«««d 


For  Rolled  Threads  ose 

8"  instead  of  V'  ^^°^ 
"  instead  of  |" 


Rods 


!♦■ 


C  to  C 
Beams. 


/    // 
I-O 

i-i,  2,  3 

1-4.  S»  ^ 

1-7,  8,  9 
i-io,  11 
2-0 
2-1,  2,  3 


Lgth. 


1-3 
1-6 

2-0 
2-3 

2-3 
2-6 


C  to  C 

Beams 


// 


2-4,  s.  ^ 

2-7,  8,  9 
2-10,  II 
3-0 

3-1,  2,  3 

5-4.  S»  6 

1-7,  8,  9 


Lgth. 


2-9 
3-0 

3-3 
3-3 
3-6 

3-^ 
4-<> 


C  to  C 
Beams. 


Lgth. 


/      // 
3-10,   II 

4-0 

4-i»  2,  3 
4-4,  S»  6 
4-7,  8,  9 
4-10,  II 

5-0 


4-3 

4-3 
4-6 

4-9 
5-0 

5-3 
S-3 


C  to  C 
Beams. 


/    // 

s-i,  2,  3 

5-4,  S,  6 
S-7,  8,  9 
5-10,  II 
6-0 
6-1,  2,  3 


Lgth. 


// 


S-6 

5-9 

6^ 

^3 

6-3 
6-6 


6-4,  S»  6  6-9 


C  to  C 
Beams. 


// 


^7.  8,  9 
6-10,  II 
7-0 

7-1,  2,  3 
7-4,  S,  6 
7-7,  8,  9 
7-10,  II 


Lgth. 

CtoC 
Beams. 

/    // 
7-0 

/    // 

8-0 

7-3 
7-3 
7-6 

8-1,  2,  3 

8-4*  5,  6 
8-7.  8,  9 

7-9 
8-0 

8-10,  II 

8-3 

Lcth. 


/> 


8-3 
8-6 

8^ 
9-0 
9-3 
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Wbicht  in  Pounds  pkb  ioo  Rivets  with  Button  Heads. 


\^ 

Dlumter  of  Rivet 

Inch-. 

K- 

Dluneter  of  Rivet 

Inch..         I 

hS! 

H^ 

1 

i 

1 

) 

i 

' 

I) 

li 

Inche*. 

< 

1 

1 

) 

i 

" 

It 

li 

5 

18 

33 

53 

78 

109 

146 

190 

2S2 

18 

34 

54 

80 

III 

149 

'93 

2S6 

6 

19 
19 

34 
35 
36 

SS 
57 

82 

"3 
"5 

118 

'5* 
'SS 

'57 

'97 

260 

"3 

13 

83 
8s 

26s 
269 

i3 

3S 

so 

68 

9' 

I  JO 

204 

I* 

»4 

36 

s* 

7« 

95 

'34 

20 

j6 

S8 

86 

120 

160 

207 

173 

»S 

25 

37 

S4 

74 

98 

139 

20 

37 

60 

88 

122 

163 

211 

278 

•S 

i6 

39 

S6 

77 

101 

143 

21 

38 

61 

89 

114 

166 

214 

282 

3 

i6 

37 

41 

58 

80 

lOS 

148 

6 

11 

38 

6z 

91 

126 

169 

218 

287 

"7 

28 

43 

60 

81 

109 

"S» 

22 

39 

63 

93 

118 

171 

222 

291 

i8 

»9 

44 

6» 

85 

III 

"S6 

22 

40 

64 

94 

130 

"74 

225 

29s 

to 

i8 

30 

46 

64 

88 

116 

161 

12 

40 

65 

96 

13» 

177 

129 

300 

lO 

19 

31 

47 

67 

9" 

119 

.6s 

*3 

4> 

66 

97 

•3S 

180 

23* 

304 

II 

30 

3* 

49 

69 

93 

I2J 

169 

*3 

4* 

67 

99 

>37 

182 

236 

308 

II 

20 

34 

SO 

71 

96 

126 

»74 

H 

43 

68 

100 

'39 

1 8s 

1J9 

3'3 

11 

11 

JS 

SI 

73 

99 

130 

178 

14 

43 

69 

102 

141 

188 

243 

J"7 

3 

u 

21 

j6 

S4 

7S 

102 

133 

1S2 

7 

24 

44 

70 

104 

"43 

191 

246 

321 

u 

22 

37 

ss 

77 

los 

"37 

187 

*5 

+S 

71 

los 

"45 

194 

150 

326 

'3 

13 

J8 

S7 

79 

107 

141 

191 

25 

45 

73 

107 

147 

196 

*S3 

330 

TABLE  107. 
Lengths  op  Field  Rivets  and  Bolts  foe  Beam  Fkauing. 


im- 

A- 

sik 

-^            1 

w 

1*"—                                              -^ 

^ 

SSi 

14" 

20" 

18" 

"5" 

.." 

10" 

9" 

8" 

7" 

6" 

S" 

4" 

3" 

#r! 

li 

•i 

12.1s 

9.75 

U 

11 

■i 

> 

il 

H 

II 

iS 

•S 

14-75 

11.15 

9-5 

7-5 

'I 

42 

IM 

3S 
30 

i] 

17.2^ 

10.5 

.1 

I 

!i 

8o 

65 

5! 
60 

45 

S 

35 
40 

30 
35 

H 

„ 

14-75 

•i 

II 

90 

70 

ss 

ii 

45 

3 

■1 

>l 

95 

90 
9S 

11 

70 

55 

50 

40 

ji 

.i 

100 

90 

8q 

6S 

It 

,1 

■1 

M 

, 

1 

It 

'' 

II 

.    95 
•100 

1 

ii 

'      1 

i! 

tl 

8.00 

6.50 

4.00 

2j 

'      '. 

10.5 

IS 

13-15 

11.2; 

9.75 

6.2s 

S.00 

■1 

1   ■' 

't 

15.00 

12. IS 

10.50 

9.00 

7.25 

6.00 

'1 

IS 

z 

"ii 

li 

33 
40 

25 

20 

20 

16.15 

'4-7S 

■  ISO 

'. 

li 

2; 

13 

ll 

!| 

30 

H 

1 1. IS 

17.2s 
19.T1; 

15-50 

■1 

■1 

45 
50 

40 

30 

3 

■1 

■I 

2i 

5? 

n 

3i 

2! 

Bottom  Aji- 
■le  -  i". 

all 

all 

all 

all 

all 

.!     .il     1 

all 

all 

all 

M 

— 

— 

70 

+2  to 

4 

■1 

■ 

^1 

Ho  10 

6s  to 

60  to 
Soto 

100 

:! 

3 

^'>\     1 





all 

all 

.. 

li 
■11 

all 

35 

>l 

14" 

10"     18" 

IS"  1  ii" 

10" 

9" 

8" 

7" 

6" 

s" 

4" 

i" 

Too  >  l-t.       1 

TABLE  108. 

Structural  Rivets. 

american  bridge  cqhfanv  standard. 

Lengths  of  Field  Rivets  for  Various  Grips. 

Dimensions  in  Inches. 


D — b-q  f4=— D 


■—Grip,  b— 


^=tl 


-!^W- 


TABLE  109. 
Standards  for  Rivets  and  Riveting. 


>I^^>1 


^^^^ 


€A6E5 
in  inches 


Vrh^ 


U^ 


6 


Sage 
9 


'i 


H 


7 

IS 


7 


I 

6 


7 

e 


7 

e 


2^ 


^i 


/| 


'i 


/| 


'i 


/| 


/^ 
'e 


/| 


/i 


li 


I 


7 


7 

9 


5 

4 


S 

d 


7 

9 


Le^ 


6 


Safe 
9/ 


H 


2-L 


Sagtfierx. 


2i 


/i 


7 

5 


7 

5 


7 
9 


7 

9 


When^Lexceeds^ 


7 

9 


I 


4- 


5 

8 


I 


/ 
1 


3 
9 


I 


3 
9 


/ 

4 


7i 


7 
5 


M/N/MU/i 
R/Vtr5PACfN6 


VzeofRhH  fiuxDhiana 


Inches 


I 


i 


A 


I 
1 


I 


7 
4 


MINIMUM 
BUTT0N5ET5 
For^andiRfi^ 


fbrRiwfsksifhem 


hches 


7^ 
^6 


2i 


/J- 


/i 


/ 


STANDARD 
CLEARANCE 
E0RRIVETIN6 


\***ft€r""""f"\ 


PROPORTfONS  OF  RIVETS 
in  inches 


Ohmekr 

fff 
5hank 


Phmefer  Hei^i 


7 

e 


3 
4 


2 


3 
Q 


fuNHead 


'i 


ih 


/i 
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Size    TVi/OAtiOLE.  CONNECTIONS 


Old  Standard  Connections  fob  Beaks  and  Channels. 
Amsucan  Budge  Company. 


ONE  ANGLE  C0MNECTI0M5 


24 


Vi/eiqht  56  pounds 


lL6x6xiixl-5i 

WeiqtitSOpoonds 


Et*4x4)if6xl-2f 
V/ei(]ht  30  pounds 


lL6x6xBxl-ii' 
Vileiqhtt5pomds 


1^'  Wcit]ht  ZTpounds 


5|£1t  lL6x6»rbxlO' 
^'  WeiqhtlTpounds 


20,"  IS" 


ja£  '^" 


TUntt  and  bdliM-ii'ditai. 


•t^R — p^  f 


SAoctaAr-V'O'u!^   SAMtaA^^or^ri'  ii>>i«i«<'.«'>K'>o'.si;  iamW.«'>4??£'>»^* 
LmoTiHC  Vju.uas  or  Beam  Connectiohs. 


Value*  of  Ouuundina  L«n  of  OHUKCtioo  Ancle*. 


Field  EUveu. 


Drptb. 


Lb.  Per 


n  uichwd 


Uniform  Load.  , 


UaUonn  Load,  j 


?! 


66,Soo 

51,700 


36,900 
26,000 


35.300 
35.300 
35.300 
3S.3°o 
35.300 
a6,soo 

i7!7oo 
17.700 
17.700 
17.700 
17.700 
S,8oo 
8,Soo 


49.S«> 
42.400 
41.400 
JS.300 


T  SiRBSs  IN  Pounds  Per  Squae 


Rivets Shop  I 

iRivcisandTurnedBolu. Field  11 
IRoughBolti Field    : 


jRivets — enclosed Shop  JO,000 

R..^„..   .Rivets— one  side Shop  14,000 

B"nng   iRivcts  and  Turned  Boltt  ...  Field  10,01 
Rough  Boltt Field  |6,0> 


t  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 
The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use 
Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  ate 

cx'-"''™' — «uch  as  end  reaction  from  loaded  beam  being  greater  than  value  of  connection; 

with  beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 

used. 
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For  rods  abova  /j  dtam-  use  clevis  fonrteetims- 
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^EWBACK  A,  Wai^  6-8 lbs- 

Sktwbsdc  A  /vr  ro<A 
or  /i  s^are  (upset  t 

For  upsets  1^  e/ian. 
of  rod  may  vary  From 
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''X^'it^^i-l^xMi 


SKIWBACK  B,  Wel}htl7lts- 

i 

10 

■■¥■ 

„.,           HHewtiadfllh 
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'Rsd/ia-4i         ie  drilled  to  Fit 

U  Plate  A,  might  1-S  lbs- 

fhr rods  upto^  s^uanorljfrwr>d(ijpMtbili/ 
PIsU  5''i'^ll'hng- 


■~i    Weight  0-5  lbs- 
-*1     PlBUl-'i-'H' 


Max/rok/y 


UPLATtB,  might  S-S lbs- 
^^Al's^ti3norljnaitd{i3p3tttol0 
]aptolfsfarear/jmn^(ifaittaZj 
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putHH'-  ■■'-\ 

MaxhukZ^  {     i 


SWB  End  Nil- 
might  4-ilbs- 

Plate  H''f'  H'l'V- 
Holes  ^'dlam- 


y  round,  7i'long 
2fkx-Nuts:   i'Tap- 


olaU 


STUBCmH'2-      SruBEmmi-  CarcuHiTCH 

Weight  is  lbs-        might  3-B  lbs-       Ej-ja 
Plate  !'-£7i'lo,y.PUe2''i'jfhf.   I'll  W 
Holes  j^'diam-       .  ^Holes^Jtam- 
/'  /' 
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§  rov/td,?-^  long   ^  roiaK/,7i  fang   i  rumf.S'/eag- 
2  Hex-Nuts-  i'Tap.  ^ Hex  Nuts- iy^p-  iHexHiftsjT^ 


Standard  Lag  Scsbws,  Hook  Bolts  and  Washers. 
Abbrican  Bbidgr  Cohpany. 


TABLE  124. 
Weights  of  Washers  and  Tkack  Bolts. 

Weights  <»  Lac  Scuws. 
Poundt  per  Hundred.    (Kent'*  IV>cket-book.) 


Jl    I 


UL.\ 


I  ^i  I 


I    4i    I 


_£_!_ 


:8|  7.50   8.251  9'^5    9.62  10. 8z  11.50  13.31  14.81  i6.5o'i7.37  18.81 

..  11,75  "'^^  '^-^^  13.18' 16.61' 18.18  18.88  19.50  11.15  ^35^25.31 1 I t,... 

..|i6.88i7.i8'i8.07i9.i8'ii.0O|i4.oo  16.82  18.25  3°-37!33-88  35-37  38.94  44.37, '-..- 

.J 1 ] I34.073s.8839.2s  41.62  47.7s  51.61  SS.12  61.88  68.75    77-00-  9<«» 

.. 1 l64j3067.88-7i.37TO.37  86.6291.75  97.50108.75  114.7s 


For  American  Bridge  Compaoy's  Standard  Lag  Screws  aee  Table  113. 

WROUCKT  UOH  (»    StBKL    PLATB    ROITNl)  WUOEU. 
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Top        Hole.     TWck-  wdght.      ^ig"-         Bo"*""        Top        Hole. 
31am.  aesa.        ^^       of  Bolt.        Dlam.        Diam. 
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«>i>8sl      inl        ll 


45  to  85         I13        jli  ,2835.1 
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TABLE  126. 
Weights  of  Nails  and  Spikes. 
From  Cambria  Steel. 


Cut  Stbel  Nails  and  Spikbs. 
Sbet,  l^mgtha  and  Approximate  Number  per  Pound. 


2d 

"^3d 

4d 

Sd 

6d 

7d 

8d 

9d 

xod 

1 2d 

i6d 

30d 

35d 
30d 
40d 
sod 
6od 


IJ 


I 

! 
i 

i 
i 
i 
I 

i 

a 

2i 
ai 
a! 

3 

3i 

3» 

4 

4i 

4l 

5 

5» 

6 

6J 

7 


*        • 


740 

460 

380 
310 

x6o 

130 

88 

73 
60 

46 

33 

23 
30 

16* 

13 
10 

8 


Squarb  Boat  Spikbs. 
Approximate  Number  in  a  Keg  of  300  Pounds. 
Length  of  Spike — Inches. 


Size. 

I" 

A" 

I" 


8 


10 


3000  '  237S  2050  1825  , ;  — 


1660  I  1360 
1320  I  1 140 


1230  1175  <  990  I  880  ' 

940  I  800  I  650  I  600  '  525  '  475 


Size. 

6 
600 

7 

A" 

590 

J" 

4S0 

375 

1" 

— 

8 


10  I  II  '  12  14  16 


510  400  360  330  330 I 

335  300  275  260  240 . 

260  240  1330  j305  |l90  ,175   160 


Railroad  Spikbs. 


Size  Under 
Head. 


Inches. 


Average 

Number 

r;r  Keg 
300  Lb. 


Spikes  per  Mile  of 

Single  Track. 

Tics  2  Ft.  c.  to  c. 

4  Spikes  per  Tie. 


Pounds. 


Kegs. 


Rail  Used. 

Weight 

per  Yard. 


Pounds. 


35i 
29  i 
26 

a3| 
20 

n\ 


75  to  100 
45  "  75 
40  " 
35  " 

30  " 


25 


I* 


56 
40 
35 
35 


Size  Under 
Head. 


Inches. 


4JXA 
4   XA 
3iXA 
4   XI 
3|X| 
3    XI 


Average 

Number 

per  Keg 

of  200  Lb. 


680 

720 

900 

1000 

1 190 

1240 


Spikes  per  Mile  of 

Single  Track. 
Ties  3  Ft.  c.  to  c 
4  Spikes  per  Tie. 


Pounds. 

Kegs. 

3110 

isi 

3910 

Ml 

3350 

XI 

3090 

io| 

1780 

9 

1710 

81 

RaUUsed. 

Weight 
per  Yard. 


Pounds. 


20  to  30 


30 
16 
16 
16 
16 


30 
25 

25 
30 
30 
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TABLE  127. 

Pipe — Black  and  Galvanized. 

national  tube  company  standard. 

Standard  Pipe. 


Size. 
In. 

Diameters,  Inches. 

Thick- 
ness, 
Inches. 

Weight  per  Foot, 
Pounds. 

Threads 
per  Inch. 

Couplings. 

External. 

Internal. 

Plain 
Ends. 

Threads 

and 

Couplings. 

Diameter, 
Inches. 

Length, 
Inches. 

Weight. 
Poimds. 

1 

•405 

.269 

.068 

.244 

.245 

27 

.562 

i 

.029 

i 

.540 

.364 

.088 

.424 

425 

18 

.685 

.043 

i 

.675 

.493 

.091 

.567 

.568 

18 

.848 

li 

.070 

i 

.840 

.622 

.109 

.850 

.852 

14 

1.024 

li 

.116 

i 

1.050 

.824 

.113 

1. 130 

1. 134 

H 

I.281 

1} 

.209 

I 

I.3IS 

1.049 

.133 

1.678 

1.684 

III 

1.576 

If 

•343 

li 

1.660 

1.380 

.140 

2.272 

2.281 

III 

1.950 

ai 

•535 

li 

1.900 

I.610 

.145 

2.717 

2.731 

III 

2.218 

2| 

•743 

2 

i.375 

2.067 

■154 

3.652 

3.678 

Hi 

2.760 

2| 

1.208 

2i 

2.87s 

2.469 

.203 

5.793 

5.819 

8 

3.276 

2l 

1.720 

3 

3.500 

3.068 

.216 

7.575 

7.616 

8 

3.948 

3i 

2.498 

3i 

4.000 

3.548 

.225 

9.109 

9.202 

8 

4.591 

3l 

4.241 

4 

4.500 

4.026 

.237 

10.790 

10.889 

8 

5.091 

3f 

4.741 

4i 

5.000 

4.506 

.247 

12.538 

12.642 

8 

5.591 

3l 

5.241 

S 

5.563 

5047 

.258 

14.617 

14.810 

8 

6.296 

4i 

8.091 

6 

6.625 

6.065 

.280 

18.974 

19.185 

8 

7.358 

4i 

9-554 

7 

7.625 

7.023 

.301 

23.544 

23.769 

8 

8.358 

4i 

10.932 

8 

8.625 

8.071 

'277 

24.696 

25.000 

8 

9.358 

4f 

13.905 

8 

8.625 

7.981 

.322 

28.554 

28.809 

8 

9.358 

4i 

13.905 

9 

9.625 

8.941 

.342 

33.907 

34.188 

8 

10.358 

5i 

17.236 

10 

10.750 

10.192 

.279 

31.201 

32.000 

8 

II.721 

6i 

29.877 

10 

10.750 

10.136 

.307 

34.240 

35.000 

8 

II.721 

6i 

29.877 

lO 

10.750 

10.020 

.365 

40.483 

41.132 

8 

II.721 

6i 

29.877 

II 

11.750 

11.000 

•375 

45-557 

46.247 

8 

12.721 

6i 

32.550 

12 

12.750 

12.090 

.330 

43.773 

45.000 

8 

13.958 

61 

43-098 

12 

12.750 

12.000 

.375 

49.562 

50.706 

8 

13.958 

6i 

43.098 

13 

14.000 

13.250 

•375 

54.568 

55.824 

8 

15.208 

6i 

47.152 

H 

15.000 

14.250 

.375 

58.573 

60.375 

8 

16.446 

6i 

59.493 

15 

16.000 

15.250 

.375 

62.579 

64.500 

8 

17.446 

6i 

63.294 

1 
F 
1 
1 

the  cc 

A 

desire 

Tie  permissible  variation  in  w« 
urnished  with  threads  and  coi 
aper  of  threads  is  j"  diametei 
Tie  weight  per  foot  of  pipe  wit 
luplin^,  but  shipping  lengths  0 
lII  weights  and  dimensions  ai 
d  must  he  specified. 

Mght  is  5  p< 
jplings  and 
•  per  foot  1< 
h  threads  a 
)f  small  size 
re  nominal 

;r  cent  abo 
in  random 
meth  for  al 
nd  couplin 
:s  will  usua 
On  size! 

ve  and  5  p< 
I  lengths  ur 
I  sizes, 
gs  is  based 
lly  average 
1  made  in 

;r  cent  bek 
iless  others 

on  a  length 

less  than  2 

more  than 

rise  ordered 

I  of  20  feet 
io  feet, 
one  weigh 

1. 

including 
t,  weight 
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TABLE  m .-^Continued. 

Pipe — Black  and  Galvanized— Concluded. 

national  tube  company  standaild. 

Extra  Strong  Pipe.  Double  Extra  Strong  Pipe. 


Size 
In 

f 

Diameters, 
Inches. 

Thick- 
ness. 

Weight 

per  l^oot. 

Pounds. 

Size, 
In. 

Diameters, 
Inches. 

Thick- 
Inches. 

Weight 

per  Foot, 

Pounda. 

External. 

Internal. 

Inches. 

Plain 
Ends. 

Eztenial. 

Internal. 

Plain 
Ends. 

i 

i 

I 

w 

2 
2\ 

li 
I 

7 
8 

9 

lO 

II 

12 

13 
H 

15 

405 
.540 

.675 
.840 

1.050 
I.315 
1.660 
1.900 

2.375 
2.87s 
3.500 
4.000 

4.500 
5.000 

6.625 

7.625 
8.625 
9.625 
10.750 

11.750 
12.750 
14.000 
15000 

16.000 

.215 

.302 

423 
.546 

.742 

.957 
1.278 
1.500 

1.939 

2.323 

•2.900 

3.364 

3.826 
4.290 
4.813 
5.761 

6.625 
7.625 
8.625 
9.750 

10.750 
11.750 
13.000 
14.000 

15.000 

.095 

.126 
.147 

.154 

.179 
.191 

.200 

.218 
.276 
.300 
.318 

.337 
.355 
.375 
432 

.500 
.500 
.500 
.500 

.500 
.500 
.500 
.500 

.500 

.314 

.535 
.738 

1.087 

.    1.473 
2.171 

2.996 
3.631 

5.022 

7.661 

10.252 

12.505 

14.983 
17.611 
20.778 

28.573 

38.048 
43.388 
48.728 

54.735 

60.075 
65415 
72.091 

77.431 
82.771 

1 

I 

Ii 

2 

*i 

3 
3§ 

J* 
5 

6 

7 
8 

.840 

i.ojo 

1.660 

1.900 

2.375 
2.875 
3.500 

4.000 
4.500 
5.000 

5.563 

6.625 
7.625 
8.625 

.252 

434 

.599 
.896 

1. 100 
1.503 

1.771 
2.300 

2.728 

3.152 
3.580 
4.063 

4.897 

5.875 
6.875 

.294 
.308 

.358 

.382 

400 
436 

.600 

.636 

*674 
.710 

.750 

.864 

.875 
.875 

I.714 
2440 
3.659 
5.214 

6408 

9.029 

13.695 

18.583 

22.850 

27.541 
32.530 
38.552 

53.160 
63.079 

72424 

Furnished  with  plain  ends  and  in  random  lengths 
unless  otherwise  ordered. 

Permissible  variation  in  weight,  for  extra  strong 
pipe,  5  per  cent  above  and  5  per  cent  below. 

For  double  extra  strong  pipe,  10  per  cent  above 
and  10  per  cent  below. 

All  weights  and  dimensions  are  nominal. 

Large  0.  D.  Pipe. 

14 

11 

17 
i8 

20 
21 

22 

24 
26 

Weight  per  Foot.  Pounds. 

Thickness,  Inches. 

i 

A 

1 

A 

♦ 

A 

1 

\ 

1 

X 

36.713 

39.383 
42.053 
44.723 
47.393 

45.682 

49.020 

52.357 

55.695 
59.032 

65.708 
69.045 
72.383 

54.568 

58.573 

62.579 
66.584 

70.589 

78.599 
82.604 

86.609 

94.619 

102.629 

63.371 
68.044 
72.716 

77.389 
82.061 

91.407 

96.079 

100.752 

1 10.097 

1 19.442 

128.787 
138.132 

72.091 

77.431 
82.771 
88.1 1 1 

93451 

104.13 1 

109.471 
114.811 
125.491 
136.172 

146.852 
157.532 

80.726 

86.734 

92.742 

98.749 

104.757 

1 16.772 
122.780 
128.787 
140.802 
152.818 

164.833 
176.848 

89.279 

95  954 
102.629 

109.304 

"5979 

129.330 
136.005 
142.680 
156.030 
169.380 

182.730 
196.081 

106.134 

1 14.144 
122.154 
130.164 

138.174 

154.194 

162.204 

170.215 
186.235 
202.255 

218.275 
234.296 

122.654 
132.000 

141.345 
150.690 

160.035 
178.725 

138.842 

149.522 
160.202 

170.882 

181.562 

202.923 

28 

30 

Furnished  with  plain  ends  and  in  random  lengths,  unless  otherwise  ordered. 
All  weights  and  dimensions  are  nominal. 
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N^E^. 

Tblcknut  In  Dedmab  of 

intDch. 

til 

ill 

n 

y 

-i 

iP 

ll 

1 

ooooooo 

JOO 

.46875 

43  7S 

■4900 

.58-=^*' 
.516500 

.4615 

.4305 

h 

.JOO 

■450 

.3938 

ooo 

■4*5 

375 

.409642 

.3^5 

Iso 

372 

Sooo 

00 

.380 

3437S 

.364796 

.3310 

.330 

348 

■4452 

.340 

3"2S 

■3|486. 

■306s 

.305 

314 

3964 

.300 

28125 

.i8jo 

.18s 

300 

3SJ2 

.184 

265625 

!2S76i7 

.2625 

.16s 

276 

3147 

3 

.259 

25 

.119413 

.2437 

-245 

IS* 

2804 

4 

.238 

234375 

■204307 

■22S3 

.MS 

211 

2500 

1 

.210 

21875 

.181940 

.1070 

.105 

1125 

.103 

203125 

.162013 

.1920 

■190 

192 

1981 

7 

.180 

187s 

■144»8S 

.1770 

■175 

176 

1764 

8 

.165 

17187s 

.118490 

.1610 

.160 

160 

1570 

9 

.148 

15615 

.114423 

.1483 

.145 

144 

1398 

lO 

'34 

14062s 

.101897 

.1350 

.130 

118 

1250 

125 

.090741 

.1205 

■1175 

116 

1113 

■1=9 

I09J7S 

.080808 

■105s 

.105 

104 

0991 

13 

■09S 

0937s 

.071962 

,0915 

.091s 

092 

x>S82 

14 

.o8j 

078125 

.064084 

.0800 

.0806 

080 

.0785 

IS 

.072 

0703125 

.057068 

.0710 

.070 

072 

0699 

I6 

■065 

J3625 

.050821 

.0615 

.061 

064 

0615 

17 

-osB 

^5625 

.045257 

■0540 

■0525 

056 

0556 

tS 

.049 

■OS 

■047s 

.045 

048 

■0495 

19 

.042 

■0437s 

.0410 

.040 

040 

0440 

10 

■03s 

■0375 

.0348 

.035 

036 

.0392 

.032 

■034375 

.028462 

■0317s  ■ 

/)3i 

031 

■OJ49 

.028 

fl3i2S 

x)2S346 

.0:86 

.018 

028 

031 15 

»3 

-02s 

018125 

■o"S72 

.0258 

.015 

024 

01781 

H 

025 

X)i30 

.0215 

02476 

H 

02187s 

/3I790O 

.0204 

02204 

26 

.018 

■0187s 

■015941 

.01  Si 

.018 

018 

01961 

»7 

.016 

«i7i87S 

.014195 

.0173 

.017 

0164 

01745 

18 

.014 

015615 

.012641 

X>i6i 

.016 

0148 

01562s 

19 

.013 

0140625 

/>II257 

.0150 

-015 

0136 

OIJ9 

30 

01 25 

.010025 

.0140 

.014 

0124 

0123 

31 

OI0937S 

«>89i8 

.0132 

.013 

3* 

.009 

010.5625 

.007950 

J3Il8 

OIoS 

009B 

33 

.008 

00937s 

x»7o8o 

.0118 

0087 

34 

.007 

00859375 

.006305 

J3104 

0092 

0077 

li 

■°°S 

0078115 

.005615 

■0095 

,0095 

^•4 

^ 

•004 

00703115 

x)O5O00 

.0090 

JX19 

0061 

39 
40 

00664062s 

.00S5 

.0085 

0068 

0054 

«62S 

■003531 
■003144 

.0086 

x»8 

0060 

oo;s 

■0075 

.0070 

■007s 
.007 

0048 

Unlel*  0 

*=„!.,  .p« 

Bed,  all  orde 

rs  in  gagea  w 

1  be  execu 

ed  to  Birmin 

gh.m  Wi™ 

Gage. 

Carnegie  Steel  Co. 


UNITED  STATES  STANDARD  GAGE 


Shkkt  and  Pi^n  STUti. 


Number. 


Number. 


Thktoo*       W^c  per 


3.»as 
3.1B71 
3.86875 


BIRMINGHAM   WIRE  GAGE. 

COUtSFONDIHC    WlIGHTS  OT  FLAT    ROLLID    S 


HJ4 


MCt^INTlC-MARSHALL  LONSTBUCTION  La 


\^\± 


tp    '^|l        i: 


DinMOiioni  In  P«t  and  Incbo. 


44M0 
S58OO 


McClintic-Makshall  Constkuction  Co. 


Hicher  tuln 

my  iocs 

auewhaibue. 

s 

?^ 

S 

33 

gJ 

=3.-      1 

3 

WW. 

_._ 

It 
1 

?i  sr.5 

ir 

u 

J 

K 

L 

M 

N 

0 

P 

Pi 

^   1   c 

1 

"• 

In. 

Ft.-ln. 

Fl.-In. 

^l.; 

Ft.. 

3L 

!§L 

Ft.-In. 

Ft.- 
ln. 

lb. 

Lb      'in 

Lb. 

In. 

lo. 

44SOO    14 

70 

"S 

S 

8-  a 

7-  8 

S-S    J^9 

6-3 
6-1 

s-s 

tt^l 

41JOO 

4S300 

40700    ,4 

!o 

70 

47900 

11> 

80 

8-  S 

S-  0 

6-1 

S-i 

13-  4 

SOSOO 

T9900    J7 

"S 

6-J 

9-  a 

46200 

8-  6 

6-J 

680001  30 

sS 

19 

M 

8a 

8-11 

8-0 

S-  t 

6~a 

S-1 

ti^ 

90700!  30 

80 

19 

40 

50 

8-1 T 

sT  \ 

J-  s 

r  » 

t^l 

4-9 

II-IO 

64B00 

6«30O    36 
77400    36 

!| 

Is 

ao 

9-   1 

6-a 

6860a 

87000    36 

40 

6S 

r  I 

s- 

3-  ' 
3-  6 

6-1 

4-9 

JJl  4 

4-   ' 

Jt™ 

9"O0     36 
06800     14 

tS 

J? 

8a 

(^  I 

s-  J 

S-3 

TS600 

.11900     14 

fr-IO 

3-  9 

3-  6 

77100     14 

so 

S-il 

6-J 

3-   » 

77600 

UJOO     14 

*^!S 

6-1 

3-10 

43000 

O8SOO     J4 

50 

6s 

3-  9 

6-J 

3-10 

44000 

70 

6-J 

1-0 

So 

10-  1 

O-IO 

6-1 

S-o 

470O0 

60 

"•« 

8-io( 

13-  1 

4-  ■■ 

IS-  a 

.'-II' 

I'-ii" 

eo 

13-  I 

94000 

So 

»-iol 

13-  a 

IJ-4 

.03000 

!f™ 

60 

"S 

14 

t3-  » 

3-  6 

44000 

14 

3-  6 

47000 

«o 

8a 

to  40 

14 

ii 

18 

W-t 

Ij! 

4- 

16-    0 

16-0 
16-  0 

3-  6 
S-0 
s-  0 

60000 

83000 

ijSooo 

.84000 

s 

iz". 

100 

60 

;: 

|i 

IS-  s 

iB-II 

iS-ii 

6-  0 
6-  c 

16-0 
18-  0 

18-    D 

5*  0 

s-  0 

6-  0 

86000 
8900a 

143000 

;| 

'"S 

\:l 

150 

80   '15 

tJ-O       .8-1.1 

6-  0;         ; 

6-  0 

130000 

364000 

ISO 

4-T     4-7    1 

TABLE  132. 

Crane  Gikdek  Specifications. 

McCliktic- Marshall  Construction  Co. 


.,^'^/r^^v. 

/j" — ^  -,i  f)     ""i — w 

y] 

"""W-^'-ii^ 

^..J.^ 

Lad 

fisr 

1 

rrr 

wiWBoiu. 

Clamp. 

Bdu. 

Crane  stop. 

Ana  of 
RaU. 

and  Wdth 

SIS 

Web  of 

RaO. 

1^. 

Plata. 

Iroo. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Sq,  In.     1         In. 

In.         1         In.         1 

%1     '     li 

30 

35 
40 

»-7 
»■? 
a-7 
».7 

>i 

3-0 
34 

■9 

S6 

31 

45 

J.2 

■9 

56 

4-4 

50 

•9 

49 

1-3 

1-3 

57 

ij 

1-3 

57 

70 

'■4 

74 

6.9 

7S 

1-4 

74 

SO 

7-4 

i-S 

74    !     SO 

8S 

i-S 

74         SO 

8.J 

{f 

90 

791 

1-5 

7S         SO 

95 

i-S 

7S         SO 

9-3              Sft 

9-8       ,       Si 

too 

91.4 

I-S- 

75         50 

i\ 

Ciai»  RaOi:   Crane  R.U>  an 

flange.     Cl[p  and  hook  bolts  provi 

TABLE  133. 

Typical  Hand  Cranes. 
McClintic-Marshall  Construction  Co. 


1 

6 


Tons. 

2 
2 

4 


Ft.       Ft. 


t 

6 

8 
8 


30 

50 
30 

50 
30 

SO 

30 
SO 


4 

5 

4 

S 
6 

7 
6 

7 


Lb. 


3100 
4000 

5400 

65c» 
8000 

92CX3 

10500 
11800 


• 

-aS 

§ 

Ss 

V  a 

li 

T3  g 

>s 

Js 

0 

Ft. 

In. 

7 

7 

4i 

8 

4i 

8 

9 

9 

10 

10 

Wt.  of  Rails. 

• 

■ 
E 

ai 

I 

1 

1 

• 

Pla 
Gird 

5 

0} 

Lb.  per  Yd. 

Tons. 

Ft. 

30 

30 

10 

30 

30 

30 

10 

50 

30 

30 

12 

30 

30 

30 

12 

50 

30 

35 

14 

30 

30 

35 

4 

50 

35 

40 

16 

30 

35 

1 

40 

16 

50 

Ft. 


7 
8 

7 
8 

7 
8 

7 
8 


Lb. 


13000 
14400 
20700 
22300 
26000 
28000 
32300 
35000 


Ft. 


Wt.  of  Rails. 


In. 


5 

h 
1 

si 
6 

6 


10 
10 
10 
10 
10 
10 
12 
12 


I 


si 


Lb.  per  Yd. 


40 
40 
45 
45 
SO 
50 
50 
50 


40 

40 

45 
45 
50 
50 
55 
55 


252 


TABLE  134. 
Diagram  for  Stress  in  Eve-bars  Dub  t 


C     : 


lall. Depth  of  Bar  in  Inches 
III.)/-^)i  in  Tens  of  Thousandths 

Problsm. — Required  stresa  due  to  weinht  "f  a  4  in.  x  i  in.  eye-bar,  ao  ft.  long,  which  has  a 
iiect  tenaion  of  56,000  lb. 

Then,  A  =  4  in.;  L  —  20  ft.,  and  /i  —  14,000  lb.  per  sq.  In.     The  strees  due  to  weight,  /■ 

found  from  the  diagram  as  follows:  On  the  bot* '  -■--  -"-  — —   =--■  i  —  -  :-  - '-" .< 

ertical  line  to  its  intersection  with  inclined  line 
ne  pasung  through  the  point  of  intersection 
lousandths;  then  follow  vertical  line.  A  "  4  ir  .     . 

"1.  and  then  follow  the  horiiontal  line  passing  through  the  point  of  intersection  to  left 


_     1  lower  edfte  of  diagram,  follow  vertical  line  t' 
LiQC  of  Reciprocals"  and  find  on  riRht  marpin.  /i  "  950  lb.  so-  in. 

For  a  bar  inclined  at  an  an^le  9  with  a  v"rtical  line  multiply  the  fiber  stresa  calculated  for  a 
iriiontal  bar  as  above,  of  the  Mme  hnirh.  anH  multiply  the  liber  stress  thus  obtained  by  sin  fl. 
or  example  if  the  bar  above  is  inclinH  at  an  amrle  of  4s  degrees  with  the  vertical;  the  libw  stress 
ue  to  weight  is,  /i  —  950  x  sin  9  =  gno  x  0.707  =  672  lb. 

Every  intersection  of  the  inclined  f,  and  L  lines  has  (or  its  abscissa  a  value  of  h,  which  will 
»ve  a  maximum  fiber  stress,  /i,  for  the  given  values  of  ft  and  L.  For  example  for  i  -  30  ft.; 
—  l3,ooolb.,wefindA  -  8.3in.,and/i  -  1,7001b.  A  deeper  or  shallower  bar  will  give  a  smaller 
due  of /i. 


*    900 


E    400 
i    MO 


i 

i 

* 

no 

s 

9> 

I 

80 

i 

70 

TABLE   135. 
Diagram  for  Stresses  in  Square  Plates. 


Side  of  Squor*  in  Ffl«-t. 

Safe  Loads  on  Sqnore  Plates. — The  safe  loads  on  square  plates  for  a.  fiber  stress  of  lOfiO) 
pounds  per  square  inch  may  be  obtained  from  the  diagram.  As  an  example,  required  the  safe  loaJ 
for  a  1-in.  plate  3  feet  square.  Begin  at  3  on  the  bottom  of  the  diagram,  follow  upward  to  tht 
line  marked  i-in.  plate,  from  the  intersection  follow  to  the  left  edge  and  find  3So  lb.  per  sq.  fl- 
For  any  other  liber  stress  multiply  the  safe  load  found  from  the  diagram  by  the  ratio  of  the  fibtt 
stresses.     To  use  the  diagram  for  a  rectangular  plate  take  a  square  plate  having  the  same  ana. 

For  formulas  for  strength  of  plates,  see  page  313,  Chapter  VIIL 
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TABLE  137. 
Details  of  a  Steel  Stair. 


,'-?■ 


ISJrestlisFJO'-IB'O'        W' 


3'0' 


Ons-Stair  Horse  F2 

One-    '>      »    (left)  f3 


TABLE  151 
PsopERTiEs  OF  Bbthleheu  I  Beaus 


km 


II 


TABLE  152 
Pkopekties  of  Bethlehem  Gikobr  Beams 


•3 

1 
& 


I 

I 


In.     Lb. 


30  !2C» 
|l8o 

28  1180 
1 165 


In.* 


26 

20 

18 
15 


160 
ISO 

140 
120 

140 


58.71 
53.00 

52.86 
48.47 

46.91 
43.94 

41.16 

35.38 

41.19 


•o 
c 
cs 

4>  a 
^1 


\& 


2' 


n 


•1 


il 


^ 


a 


y 


—8 


Moment  of  Inertia     Radiuj  of  Gy- 
ration 


Aads  i-i 


Axis  a-3 


Axis  i-i 


112      32.81 
92     ,27.12 


140 


41.27 


12 
10 

9 
8 


104  30.50 
73  21.49 


70 
55 

44 

38 
32.5 


20.58 
16.18 

12.95 

11.22 


In. 


.750 
.690 

.690 
.660 

.630 
.630 

.600 
.530 

.640 
.550 

.480 

.800 
.600 
.430 

.460 
.370 

.310 

.300 


In. 


i5.oo;.oio 
13.00 


.010 


14.35  .oil 
12.50I.011 

13.60  .011 


12.00 


.011 


1 3. 00;. 01 2 
12.00  .012 


12.50 
12.00 

11.50 

11.75 
11.25 
10.50 

10.00 
9.75 

9.00 
8.50 


.015 
.015 

.016 

.020 
.020 
.020 

.025 
.025 

.030 

.033 


9.54  .290  8.00  .037 


In.* 


9  150.6 
8  194.5 

7  264.7 
6  562.7 

5  620.8 
5  153.9 

4  201.4 
3  607.3 

2  934.7 
2  342.1 

I  591.4 

I  592.7 

I  220.1 

883.4 

538.8 
432.0 

244.2 

170.9 

114.4 


In.« 


630.2 
433-3 

533.3 
371.9 

435.7 
314.6 

346.9 
249.4 

348.9 
239.3 

182.6 

331.0 
213.0 
123.2 

114.7 
81. 1 

57.3 
44.1 

32.9 


ri 


In. 


1248 
12.43 

11.72 
11.64 

10.95 
10.83 

10.10 
10.10 

8.44 
8.45 

7.66 

6.21 

6.32 
6.41 

5.12 
5.17 

4.34 
3.90 

3.46 


Axis 
2-a 


ft 


In. 


I 


Axis 
x-x 


Si 


In.* 


8 


3.28 
2.86 

3.18 
2.77 

3.05 
2.68 


2.90 
2.66 


2.91 
2.70 

2.59 

2.83 
2.64 
2.39 

2.36 
2.24 

2.10 

1.98 

1.86 


Lb. 


& 


go 

si 

o 


fi 


S 

|5 


Ml 


m 


In.-Lb. 


610.0 
546.3 

518.9 
468.8 

432.4 
396.5 

350.1 
300.6 

293.5 
234.2 

176.8 

212.4 


189 
165 

161 
150 

135 
13s 

121 
98 

124 
98 

76 

134 


300 
200 

500 
300 

900 
900 

700 


813  390 
728  400 

691  880 
625  020 

576  ^90 
528  600 

466  820 


500  400  820 

200  391  280 
500 

100 


162.7,  94 


II7.8 

89.8 
72.0 


59 

57 
42 


200 
300 
200 

200 

300 


48.8  29  800 
38.0  26  700 
28.6  23  600 


312  290 

235  760 

283  150 
216  910 
157  080 

119  730 
96  000 

65  130 

50  630 

38  140 


In.- 
Lb. 


(O 


11 


In. 


960 
960 

830 
830 

700 
700 

570 
570 

307 
307 

I   177 

980 
980 
980 

785 
785 

654 

590 

522 


24.09 
24.20 

22.57 
22.60 

21.03 
20.99 

19.35 
1948 

15.85 
16.01 

14.41 

♦11.06 
II49 
11.89 

♦  9.08 

♦  9.31 

♦  7.60 

♦  6.72 

♦5.85 


*  Denotes  that  the  distance  given  is  less  than  the  distance  center  to  center  of  beams  placed 
close  together  with  flanges  in  contact. 
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In. 

In.i 

In.* 

I„..    1    in.    1    in. 

In.'  .   In." 

14" 

H    COLUMHa 

1 

Ijf 

8j.S 

f 

13.91 

« 

.610 

■75S 

■9i 

14.46 

884.9 

194s 

6.01 

3-47 

118.7 

41,3 

I3I 

91.0 

lJ-96 

47 

.683 

.817 

I9i 

16.76 

976-8 

3»S-4 

6.04 

3-49 

140.8 

46.6 

H 

99.0 

I 

14.00 

51 

■745 

.880 

19H 

19,06 

1070.6 

356-9 

6.07 

3-SO 

IS3-0 

SI.O 

'♦i 

106.S 

14.04 

SS 

.8S8 

.941 

19H 

JI.38 

1  166.6 

387.8 

6.10 

3-51 

165.1 

S5-1 

141 

114.S 

H 

14.08 

59 

,870 

,00s 

2oA 

33-70 

I  »64-5 

420.3 

6.13 

3-53 

177-5 

'^1 

63 

■933 

.067 

ioft 

36-04 

1^:; 

4S3-4 

6.16 

3-SS 

189,9 

14 

130.5 

t 

H-ll 

67 

■995 

.130 

20 

38.38 

486.9 

6.18 

3.56 

101,3 

68.8 

14 

138.0 

14.19 

70 

1,058 

.191 

40-59 

1 568.4 

519-7 

6.11 

3,58 

iH-5 

73,3 

>4 

146.0 

'A 

14.13 

74 

-^55 

io| 

4*,9S 

1 674-7 

SS4-4 

6.14 

3,59 

127,1 

77,9 

14 

1 54-0 

■i. 

4.17 

78 

I:l83 

-317 

« 

45^33 

1 783-3 

589-S 

6-17 

j,6i 

139,8 

82.6 

«s 

161.0 

lA 

4-31 

82 

1,1+5 

.380 

10 

47^71 

1 894-0 

626.1 

3,62 

151,5 

87.5 

<Si 

170.5 

il 

4-35 

86 

1.308 

.441 

lOi 

1 

50,11 

t  007-0 

662.3 

6-33 

3,64 

165,4 

92.3 

'51 

178.5 

\' 

4-39 

90 

1.370 

■S05 

51.51 

1 112.3 

699-0 

6.36 

3-65 

178.3 

97-1 

■sf 

186.S 

4.43 

94 

I-4J3 

.567 

1 

54,91 

1 139-8 

736-3 

6-39 

3.66 

191-4 

IS 

195.0 

ff 

4-47 

98 

1.495 

.630 

S7-3S 

^  359-7 

774-1 

6.41 

3.67 

304-5 

107.0 

IS 

103.5 

4-5 1 

\iS, 

.691 

111 

59,78 

1  481.9 

8126 

6-44 

3-69 

317-7 

IS 

II  1.0 

) 

4-54 

OS 

■755 

.J 

61,07 

1  60J.3 

849.8 

6.48 

3-70 

330.6 

1 16.9 

IS 

1I9.S 

4.58 

09 

1.6B3 

.817 

lift 

64.51 

2  730.2 

889.3 

6.51 

3-71 

344-0 

16 

"7.5 

1 

4.61 

13 

I-74S 

.880 

66.98 

2  859-6 

919,4 

6,53 

3-73 

357-! 

117.1 

16 

136.0 

' 

4.66 

17 

1.808 

■94J 

iiH 

694s 

2  991.5 

970.0 

6,s6 

3  74 

371-0 

131.3 

16 
16 

144-S 

1 

4.70 

1.870 

.005 

7 '-94 

3   IJS,8 

I  011.3 

6,59 

3,75 

384.7 

137,6 

153-0 

474 

»S 

1.933 

2.067 

74.43 

3  161.7 

1  053.2 

6.61 

3-76 

398-5 

141.9 

16 

161.5 

'^ 

4.78 

39 

I-99S 

.130 

76.93 

3  401,1 

I  095.6 

^■^1 

3,77 

411.4 

148.3 

16 

170.0 

li 

4.81 

33 

1.058 

2,191 

"S 

79-44 

3  SM,' 

1  138.7 

6.68 

379 

416.4 

1537 

16 

178.5 

»ft 

4.86 

37 

2,155 

81.97 

3  688.8 

1  182.4 

6.71 

3-to 

440,5 

159.1 

16 

187,5 

II 

4.90 

]■*■ 

l\r, 

^■317 

iift 

84.50 

3  836.1 

I  216,7 

6.74 

4S4-7 

164.7 

11"  H  COLVMN*                                                                                                    1 

111 

6+.S 

i 

1,91 

.« 

.567 
.630 

683 

i6i 

19.00 

499,0 

168-6 

5,13 

1,98 

84-9 

18.J 

Ili 

71.5 

« 

..96 

43 

■745 

16J 

556.6 

188.2 

5-iS 

3,00 

93,7 

31-5 

11 

78.0 

{ 

tl.OO 

47 

.691 

.808 

17 

2 

11.94 

6156 

108.1 

5.18 

3,01 

.03.6 

34-7 

Hi 

84.S 

j* 

12.04, 

51 

■755 

.B70 

24,91 

676.. 

«8.s 

5-21 

3-03 

111-5 

37,9 

III 

91 S 

11,08 

55 

.817 

■933 

26.91 

738.1 

149.1 

S-S4 

3,04 

41-3 

"1 

98.S 

S9 

■99S 

i7i 

28.91 

801.7 

170.1 

5 -17 

3.06 

129-6 

44.6 

105.0 

11.16 

63 

■94^ 

-058 

r4 

866.8 

191.7 

5-30 

3-07 

138.6 

48.0 

111.0 

'1^ 

11, 10 

67 
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TABLE  IS3.— Continued 
Properties  of  Bethlebeu  H  Coluuns 
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12i 

1 

21.0S 

285.6 

94-4 

3-68 

2.12 

63.S 

22.7 

9 

76.S 
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9 
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\l 
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HI 

9 
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359-0 

117.1 

3-77 

76.6 
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9 
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12 
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TABLE  154. 
Pkopsbtiks  of  Bbthlbhru  Compound  Coluuns. 


Dcplh. 

CovsPUuo. 

ifj. 

B^B, 

Wdght 

Am. 

H 

Secaoo 

w»„. 

^JUt 

G 

A-A 

t^. 

B-V  1  A^. 

H 

c 

P 

u 

Ib 

r. 

'b      1     S* 

Sb 

Id. 

Lb. 

In.l 
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In 
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In.t 

Id.     1     In.     1     li..' 
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16 
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16 

,1 
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3737-7 

I32J.9 
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3-98 

449.6 

165.2 

16 

390.8 

85.52 

D 

16 

13 

^ 

3876.9 

13646 

6.7} 

3-99 

462.9 

170.6 

16 
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16 
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1407.3 
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4.01 

476.1 
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TABLE  156. 
Standard  Connection  Angles  fob  Bethlehem  I-Beams. 


'  30'I    H'^ 


Beam  CoHifecTW/fs 


W§ighf46/k 


ft 


ZLs4'x4'^f'xjLjoj/' 
tVe/0hf4//y 


=!  -^nas 


-^±: 


Z^4'^4'j^f''xj^8'' 
W0ight37Jb' 


ils4'x4''xfx/Lsi'' 
We/ghf- 3Z  lb- 

—     -.  ^ .      _     ,,  ,      _     ^,  ,    ^%t4 

2lf4'^4'xi''^I'r5''       Zl!^x4'x§-'x/lfii!'     ZLs^Wx^'x^/ff*     ZL^  6'x4''cfW^     ZL^6^4'^f»0'S' 

We/skfZSIIh  mighfZSlb-  Wg^f,fZ4Ib'  W$^t  IS  lb-    ^       We/ghf/Z/b- 

Sj^acing  same  h  beHf  hgs  of  angles  unkss  efberivhe  shmn-  Al!  h§ies  ^'DiamfhrilPjam'Rtvefs  orSoIts^ 

Minimum  Spans  on  which  the  Above  Connection  Angles  may  be  Used  for  Greatest  Safe  Unifonnly  Distributed  Loads. 


Depth  of 
Beam,  Inches. 


30 
28 
26 

24 

24 
20 

20 

18 

15 
15 

»5 

12 

12 
10 

9 
8 


Weight  per 
Foot.  Lbs. 


120.0 
105.0 
90.0 
84.0 
73.0 
72.0 
59.0 
48.5 
71.0 
54.0 
38.0 
36.0 
28.5 

20.0 
17.5 


Least  Span,  in  Feet,  for  Various  Conditions. 


Rivets  :  Shearing  xo/xx>  Lbs.,  Bearing  ao,ooo  Lbs.  per  Squaure  In. 


Con- 
nection 
to  Web 

of 
Beam. 


23.0 
22.7 
22.1 
21.9 
22.7 
20.2 
18.5 
16.4 
I2.I 

II.8 

12.1 
10.3 
10.3 

8.7 
6.7 

5.1 


Field 
Con- 
nection, 


21. 1 
19.2 
17.3 
I7.I 
15.0 

II.8 
10.7 
16.0 
12.3 
8.9 
9.0 

7.i 
7-4 
57 
4.3 


When  Two  Beams  Frame  Opposite  Each  Other  to  a 
Beam  or  Girder  with  a  Web  Thickness  as  Follows : 


A" 


22.1 
20.1 
18.1 

17.9 

157 

154 
12.3 

11.2 

16.8 

12.8 

9.3 
9-5 
7-6 
7.8 
6.0 
4.5 


\ 


It 


24.8 
22.7 
20.4 
20.2 

177 

174 

139 
12.6 

18.9 

H-5 
10.5 

10.6 

8.5 

8.7 

51 


H' 


28.4 

25.9 

23.3 

23.1 

20.2 

19.9 

15-9 

14-4 
21.6 

16.5 

12.0 

12.2 

9.8 

1 0.0 

77 
5.8 


1" 

A" 

33.1 

397 

30.2 

36.2 

27.1 

32-6 

26.9 

32-2 

23.6 

28.3 

23.2 

27.8 

18.5 

22.2 

16.8 

20.2 

25.1 

30.2 

19.3 

23.1 

14.0 

16.8 

14.2 

17.0 

1 1.4 

137 

II.6 

14.0 

9.0 

10.8 

6.8 

8.2 

\ 


It 


497 

45-3 
40.7 

40.3 

35-4 
34.8 

27.8 

252 

377 
28.9 

21.0 

21.3 

17.1 

17.5 

13-5 
10.2 


Field  Connection. 

Rivet  Shear, 

8,000  Lbs.  per 

Square  Inch. 


26.3 
24.0 
21.6 
21.4 
18.8 
18.4 

147 

134 
20.0 

15.3 
II. I 

II.3 
91 

9-3 
7-1 
54 


The  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  is  the  minimum 
span  for  which  the  connection  may  be  used. 
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TABLE  157. 
Standard  Connection  Angles  for  Bethlehem  Girder  Beams. 


'U.T 


Wsf^f4Ifb 


\ 


re'^Ts'^ 


§eAM  CONNSCTIOMS 


2&  ^'x^xi^'x/s"' 
W€j0hf07Ilf' 


A 


WeishtSJIk- 


A 


.^=, 


Z0'6_ 


Wkt0hf!7Ih' 


SpBcmg  SBme  in  Bcfh  legs  of  angles  unless  afherwtse  shewn-  AUMes  /gDiuo-fhrZfb/am'^tvefs  or  Beits- 


Minimum  Spans  on  which  the  Above  Connection  Angles  May  be  Used  for  Greatest  Safe  Unifonnly  Distribnted  Loads. 


Depth  of  Beam, 
Inches. 


30 
30 

28 
28 

26 
26 

24 

20 
20 

l8 

IS 
15 

IS 

12 
12 

10 
9 

8 


Weight  per 
Foot.  Lot. 


200.0 
180.0 

180.0 
165.0 

160.0 
150.0 

140.0 
120.0 

140.0 
II  2.0 

92.0 

140.0 
104.0 

73-0 
70.0 

55.0 
44.0 
38.0 

32-S 


Least  Span,  In  Feet,  for  Various  Conditions. 


Rivet :  Shearing  xo,ooo  Lbs..  Bearing  ao.ooo  Lba.  per  Sq.  In. 


Con. 
nection 
to  Web 

of 
Beam. 


24.5 
22.0 

24.1 
21.8 

20.1 
18.4 

19.2 

18.3 

19.7 
16.8 

14.6 

18.3 
14.0 

13-9 

11.6 
11.5 

9-3 
11.3 

8.8 


Field 
Con- 
nection, 


24.5 
22.0 

24.1 
21.8 

20.1 
18.4 

19.2 
16.5 

19-7 
157 

1 1.9 

18.3 
14.0 
10.2 

10.8 
8.7 

S.9 
7.6 

5.8 


When  Two  Beams  Frame  Oi>posite  Each  Other  to  a 
Beam  or  Girder  with  a  Web  Thickness  as  Follows : 


A" 


25.7 
23.0 

25.2 
22.8 

21.0 
193 

20.1 
173 

20.6 
16.4 

12.4 

19.2 
14.7 
10.6 

11.4 
91 

6.2 
8.0 
6.0 


\ 


It 


28.9 
25.9 

28.4 
25.6 

237 
21.7 

22.6 
19.4 

23.2 
18.5 

14.0 

21.6 
16.5 
12.0 

12.8 
10.2 

6.9 

9.0 

6.8 


A" 


33-1 
29.6 

32.4 
29.3 

27.0 
24.8 

25.9 
22.2 

26.5 
21. 1 

16.0 

i47 
18.9 

137 

14.6 
11.7 

7.9 
10.3 

77 


I 


// 


38.6 
34-5 

37.8 
34-2 

31-5 
28.9 

30.2 
25.9 

30.9 
24.7 

18.6 

28.8 
22.0 
16.0 

17.0 
137 

9-3 
12.0 

9.0 


ft" 


46.3 
41.4 

4S4 
41.0 

37.8 
347 

36.2 
31.1 

37.1 
29.6 

22.3 

34S 
26.4 

19.1 

20.4 
16.4 

II. I 

14.4 

10.8 


\ 


// 


57.8 
51.8 

56.8 
51-3 

47-3 
43-4 

4S-3 
38.9 

46.4 
37.0 


«^«   • . 


27.9 

431 

33.1 

239 

25.5 
20.5 

13.9 

18.0 

13.6 


Field  Connection. 

Rivet  Shear, 

8.000  Lbs.  per 

Square  Inch. 


307 

30.1 

27.2 

25.1 
23.0 

24.0 
20.6 

24.6 
19.6 

14.8 

22.9 

17s 
12.7 

I3.S 

ia9 

7-4 
9.S 
7-2 


The  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  is  the  minimum 
span  for  which  the  connection  may  be  used. 
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TABLE  1S8. 
Cast  Iron  Sefakatoks  for  Bktblebem  Girder  Bbaus  and  1-Bbams. 


J 
g. 

* 

1 

is 

i 

S 

! 

Sepuxon 

BoH*. 

1 

1 

i 
1 

1 

1 

u 

1 

Bol„.      1 

a' 

1 

i 
* 

^ 

1 

J 

^1 

"* 

d 

^ 

h 

^^ 

0 

i: 

£i 

li 

>^i 

1..  1    Lb. 

I1. 

I.. 

Id. 

Lb. 

Lb, 

Lb. 

Lb. 

1».    1     Lb. 

u 

1.. 

In. 

I.. 

Lb. 

Lb. 

Lb. 

Lb. 

Separators  with  Three  Boltt. 

Separators  with  Three  Bolts. 

200.0 

120.0 

'•    'loi'io  i"il!0.l!«o'6 

I8o,0 

105.0 

IH 

iSo.a 

IS    114      7  |i616s.o  4.1s 

7.4 

^7'i 

90.0 

10 

91    7i  ii»  19-3  3.8s    S-S 

•17'; 

iR 

IbS.O 

160.0 

ib 

150.0 

12     11  1  7    141  S3-0, 3-85 

37S 

Separators  with  Two  Bolts. 

Separators  with  Two  Bolts.                       | 

140.0 

4.6 

84.0 

-Ji 

9l!..)   ..i'3!..'j.6s'3.6 

120.0 

12J   12  |i2l|I4i,+7.o  3.50 

41 

14 

71.0 

9i'l.( 

",    " 

i\%M 

140.0 

13     1;    10  \i4i-ig.o\i.eo 

72.0 

sV.o 

10     « 

iK 

91.0 

12     II  110  li3i34.o  1.60 

4-2 

4«-S 

7!.o 

91'!. 

I  2.70 

140.0 

4-1 

'S 

71.0 

.   ,,6s 

2 

104.0 

i.i'n  ,  7  ,i3!'».0|i.6o 

71 

7     7l 

9     li 

1   1.6, 

IS 

73-0 

■  I    10    7  >2i;2i.o  ,.60 

4-0 

H 

IH.O 

7) 

7      7l 

»   1, 

1I1.K0 

16.0 

4 

6  '  ! 

«       ^ 

K 

.05   .0  1  s    iii,i7-S'i-30 

28.S 

il 

fi.  S 

7* 

i 

0I1.30 

Separators  with  One  Bolt. 

Separators  with  On 

e  Bolt.                     1 

lO 

ol 

,j.....|W„,oj,.,o 

1.8 

111 

10 

23.S 

H 

\\ 

7i    7.S 

I.IO 

... 

IH.0 

8  :z!'di'!:o]':5 

1-7 

■) 

<) 

4-- 

7,  1  6.< 

3I-S 

aj 

1.7 

I2S 

17.S 

si 

si: 

6i  i  S.! 

.85 

'■3 

.lis 

TABLE  159. 
Safe  Loads,  in  Tons,  and  Deflections,  in  Inches,  Bethlehem  I-Beams. 


Depth.  Weight.  I 


In. 


30 


28 


26 


24 


20 


18 


15 


12 


10 


8 


Lb. 


120 


Def. 


105 

« 

90 


Def. 


84 
73 


Z)<f. 


82 
72 
69 
64 
59 


/)</. 


59 

54 

48.5 


Def. 


71 
54 
46 

41 

38 


Def. 


36 

32 
28.5 


/)."/. 


28.5 
23-5 


Z)<^. 


24 
20 

* 


Def. 


19.5 
17.5 


Def. 


Length  of  Span  in  Feet. 


8      10     12 


14 


16 


......  88 

— — .  vv 
1.52 


76 

66 
45 


66 
58 
.39 


.ro\.r4  1 .18 


...... 69 

...I..-.  65 

........-.!  56 

—  — !  54 

52 

...„J 44 


59 
56 


52 
49 


48  42 
47  I  41 
45  39 
•37 ,  .33 


..  .I2\.i6^  .21 


44 
—  42 

39 


37    33 


36 
34 
■34 


31 

30 

.29 


i./jL/i?  .24 

40    35 


47 
. —  36 
. —  29 
—  27 

26 

.33 


31 

25 

23 
22 

.28 


27 
22 

20 

20 

.26 


.16   .22\  .28 

24  20 ;  17 


20 

19 
31 


,14 


14 

13 

.26 


14 

13 

,29 


.12 


17 


II 

10 
.24 


.18 


15 

17     15       13 
16     14      12 

.26   .22  I  .20 


20   .27  I  .35 


12 
II 

.22 


.24 


9 

8 
.20 


10 

9 
.19 


9 

8 

.16 


7 
6 


8 

7 
.17   .IS 


.271.36  .47 


10 

10 

.26 


8 

8 

.21 

13  .21 


6  S-o 
5   4.8 
17  .IS    .13 


7 
6 


30-41   '53 


18 


103 
•44 


.21 


59 
52 
•35 


,22 


46 

43 
38 
36 

35 
.29 


29 
28 

26 

.26 


31 

24 

19 
18 

17 
.22 


13 
II 

II 

.17 


8 

7 
•15 


6 
6 

13 


20 


22 


24 


93  I    8s 
.39  i  .36 


78 
.33 


26 


72 
.30 


28 


./* 

.22 

8s 

76 

.41 

•37 

.19 

.24 

68 

fcl 

•38 

•34 

•27    '3^    '37 


67 
.28 


'43 


70 
.33 


64 
•31 


'29    '34 

56!    51 
.31 1  .28 


59'    55 
.28    .26 


^o    .46 


'25  I  '31 


S3 
46 

•31 


48 
42 
.29 


'28 ;  .33 


42 

39 

34 

33 

31 
.26 


'33 


26 

25 

24 
.24 


38 
36 

31 
30 

28 

.24 


.40 


30    .37 


28 
22 

17 
16 

16 

.20 


24 

23 
21 

.21 


26 
20 
16 

15 

14 
.18 


'37 


47 
.26 


44 
.24 


30 


62 
.26 1 


'50 


51 
.24 


'53 


'43  \  '50 


44 

39 
.26 


41 
36 

.24 


38 

33 
.22 


.40 


35 

33 
28 

27 
26 

.22 


'47'  '54 


32 

26 

25 

24 
.20 


.48'  '5^ 


30 
28 

24 

23 
22 

.19 


41 

•23 


'57 


35 

31 
.21 


32     34  :  36  ;  38 


58 

.25 


'57 


48 
.23 


.61 


38 
.21 


.65 


55 
•23 


52 
.22 


49 
.21 


.64 


45 
.22 


.78 


36 

.20 


.71]  .80 


42 
.20 


40 
1I9 

'77    'S5 


40     43 


47     44 
.20    .19 


'88    .07 


38 
.19 


36 


34     32 
.19    .18 


'74    '^3\  '92 


33 

29 
.20 


.62'  .71 


28 
26 

23 
22 

21 
.17 


22 
21 
20 
.20 


'53 


24 

18 

14 
14 

13 

.16 


'3<^    '44 


12 

10 

10 

.16 


-45    '55 


'53    '<^4 


II 
9 
9 

14 


7 

7 

13 


.S4  I  '66 


.60 


5 

5 

A  2 

'74 


4.5 

4.2 

.12 


.67 


4.0 
3.8 
.11 


.67 


10 
8 
8 

.13 


'79 


'65  \  .74 


26 

24 
21 

20 

20 

.16 


'S5 


20 

19 

18 

.18 


.62 


22 

17 

13 

12 

12 
.15 


'75 


19 

18 

17 

.17 


17 

17 
16 

.16 


'72    .83 


20 

15 
12 

12 

II 

.14 


.87 


19 

14 
II 

II 

10 

.13 


'99 


9 

8 

7 
.12 


9 

7 

7 
.11 


.93  J. 08 


7 
6 

.12 


.80 


5 

5 
.11 


.89 


3.7 

3.5 
.10 


.<yj  \j.oo 


6 

5 
.11 


6 

5 
.10 


5 

5 
.09 


8 

7 
6 

.11 


16 
16 

.15 


'94 


31 
27 
.19 


.80 


24 

23 
20 

19 

18 


29 
26 

.17 


28 

24 

.17 


.89^1.00 


'95  m 

.16 


31 

.17 


1.02  i.n 


26  ._. 

23      M 
.16  . 


1. 10 


23 
22 

19 

18 

17 


.15     .15 


22 
21 
18 

17 
t6 

.14 


.p(5  1.07  \  1. 19  1.32        I 


21 

20 

17 
16 

16 
•13 


15 
15 
14 
.14 


15 
14 
13 

•13 


1.06  \1.19 


14 

13 

12 

.12 


13 
12 

12 

.12 


18 

14 
II 

10 

10 

.12 


i'i3 


7 
6 

6 

.10 


1.24  1.41 

5  I 

4 ' 

.09 


17 

13 

10 

10 

9 
.12 


16 

15  i 

12 

II 

10 

9 

9 
9 

9 

8 

.11 

.10 

1.33  1.47  -_J 
14 

II  . 

9 

8  

8  .  - 

.10  . 


1.28  \i. 43  1.60  \  1. 70  .__ 


6  

6  .. 

.09 1 


t'59 


'95  J '^2 


5 

4 
.10 


4 

4 
.09 


1.30  1.49 


4 

4 
.09 


1.06  1.24  1.44 


3.4 
3.2 
.09 


.081 


1.66 


T.19 


The  figures  ^ive  the  safe  uniform  load,  in  tons  of  2000  lb.,  based  on  an  extreme  fiber  stress  ci 
16000  lb.  per  sq.  m.,  or  end  reactions  for  safe  uniform  load  in  thousands  of  lb. 

Figures  for  deflection  in  inches. 

For  loads  concentrated  at  center,  use  one-half  of  figures  given  for  allowable  load,  and  four- 
fifths  of  deflections. 

For  figures  to  right  of  heavy  lines,  deflections  are  excessive  for  plastered  ceiHngs. 

Figures  given  apply  only  when  beams  are  secured  against  lateral  deformation. 

*  Increase  of  safe  load  in  tons  for  each  pound  increase  in  weight  of  I-Beam. 
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TABLE  160. 
Safe  Loads,  in  Tons,  and  Deflections  in  Inches,  Bbthlehbu  Gisdeb  Beams. 


Depth.  Weiabl. 

Uogth  of  Span  in  F«t.                                                                 | 

:a. 

Lb. 

lo 

13 

14 

ao 

11 

14   1    W    1    j8 

JO    ]     ■}» 

J4    1    J6 

38  i  40 

41 

44 

20a 

i8j 

161 

148 

(36    125     116 

io«    102 

86      81 

a 

180 

161 

H« 

»i 

■44 

■W 

■lb 

.33.   .30'   .281   .26 

.19 

.18 

J!fL. 



1  

— 

154 

1H» 

.0* 

■?^ 

.So     M 

■07 

f.o6 

118 

IIS    1061    911 
104      961    89 

g 

U  8 

63 

!8 

16^ 

1 

114 

81 

78 

74 

60 

-1 

_^ 

:7^ 

■17 

.21 

.19.  .181  .17 

160 

.« 

.34:  -40 

..,6 

■53\   ■(>' 

■7« 

.Ss    -US  '-04 

1.14 

IJH 

"i; 

•OS 

96,    89 

K2 

77 

M 

64 

6,.    S8 

11 

16 

"7 

96 

76 

70 

62 

48 

.18 

-14 

■11 

.2A 

.19 

.18     .17 

.11 

1     .... 



-if 

■i/ 

■17 

■4S\  -50 

■J?'  ■('5 

■74 

_'3 
5i 

.Q2    1.02 

I.I2 

/.^t 

iS^iiSJ 

117 

104 

91 

8? 

78 

72 

67 

621    s8 

51 

49      47 

U 

..._-i3^ 

III; 

80 

71 

S7 

S3      50 

47 

41 

42      40 

zrlj 

4S 

.3^ 

.ii; 

.20 

.26 

■U 

.iS 

.16 

.18   22 

.^A' 

-I? 

.47  \  .54 

.62.  .71 

Jio 

.,^0 

I.IO 

1 

fir 

43 
3! 

4"|    39 
33  1    31 

104 

!  -44 

89 
■17 

57 

48      4S 

.20'    .19 

37 
-15 

10 

* 

■11 

.20 

.26 

.22 

.17'  .[6 



D.f. 

.16 

-^7 

-.« 

■4t 

■S6'  .65 

.74'  -Ss 

.00 

1.07 

i.rg  1.32 

! 

~Dif7 

J 

■^4 

i^ 

43 

39 

361    It. 

ifi 

H 

18 

■^ 

J2 

^J 

.14 

.is 

■17 

Xe 

■I? 

-n 

1 

•17 

■44 

■  ?1 

.6? 

■7^ 

.81 

^4 

t.oO 

I.IO 

t-11 

'■47 

1 

140 
104 

94 

72 

63 
48 

5; 

11 

47 
26 

44 

33 
24 

40 
31 

35 
27 

IS 

% 

62 

4S 

54 

39 

29 



-Dir 

■  V-. 

■V 

■21 

■  IS 

^ 

.1) 

,6 

.22 

.^i' 

J6_ 
37 

0* 

.7.f 

-00 

/.il 

r.^^ 

— 

70 

48   40 

14 

10 

»4 

20 

ig 

17 

16 

'1 

14  1 

ss 

il 

24 

iV 

17 

'? 

11 

.n\.i( 

.18 

■14 

n 

■«  1 

Dij. 

.^7l  .,« 

.67 

-0? 

/.OJ 

/.24'l..f/ 

<.»i 1 1 

44     !    !6     12 
*          .26   .11 

10 

.11 

II 

.10 

.08 

.08!.:::.  .:;:r:::J:::: 

Dij.   ,.ir  .24'  .j2  ■4-3\-H 

66 

.So 

W  .'■■'^ 

1.30 

/..(O 

i.6q^i.qi  I.  .. 

9 

7 
.07 

9 

_«_U)^I^^ 

,., 

12 

10 1  .09 

.08 

i 1... 

.»„ 

7 

06  1 24 

/.4*  '/.M 

J2i     1    IS'    .]!    Ml    .0       8 

fi 

10  1,0;, 

08'  .... 

Drf.    \.il  .30  -41.. SI 
The  fiRurea  Rive  the  saf 

■'■? 

^t  ,.00 

, 

m   .    1 1 

uniform  load  in  ton»,  of  2000  lb.,  based  on  eit 

"emc  fiber  stress  of 

16000  lb.  per  jq.  in,,  or  end  reactions  for  safe  uniform  load  in  thousands  of  pou: 

ds. 

For  load  concentrated  at  center,  use  one-half  of  figure*  given  for  allow; 

For  figures  at  right  of  heavy  zigzag  lines  deflections  are  considered  cic 

ssive  for  plastered 

?»■ 

TABLE  161 
DecnuL  Pakts  or  a  Foot  axd  Iscb 


VtoMAi.  P»Mn  or  A  F<WT 

^ 

alMA 

i-      o"       I"       /■ 

J"    /'    r 

&■ 

f     r- 

p"       ,o-      If 

x>         Mis  .1667 

.ijoo  -33)3  ^167 

■S«» 

.5833  .607 

7500  .8333  .9167 

f,     M>j6  xAit)  .1693 

.2526  .3359  ^193 

.5026 

■5859 .6693 

7526  .8359  .9193 

A 

■031J 

A     ^iJ  J*85  .1719 

-2552  .3385  ^219 

.5052 

.S88S  .67.9 

7552  ^38;  .9219 

A 

^i 

A     jyyfi  J391I  .1745 

.2578  .34"  -WS 

.5078 

■S91I  .674s 

7578  .8411  .9*45 

A 

J39J8 

1      ^lo*  .09J8  .1771 

.1604  .J43B  4271 

-S104 

■S938  -6771 

7604  A438  .9271 

1 

"S 

A      ^ijo  J)96*  .(797 

.2630  .3464  ^297 

.5130 

-59^4  -6797 

7630  ^64  j)297 

ft 

.1563 

A     -o'S^  .0990   "SiJ 

-1656  -3490  ^3*3 

.5.56 

.5990  .6823 

7656  .8490  .9323 

A 

..87S 

A     -0181  .1016  .1849 

.2682  .3516  ^349 

.5182 

6016  .6S49 

7682 

85(6 

9349 

A 

.1188 

1      .owe  .1041  .1875 

.2708  .3541  -t37S 

.5208 

6042  .6875 

7708 

8542 

9375 

i 

■=! 

A      (MJ4  -1068  .1901 

.2734   3S68  .4401 

.5134 

.6068  .6901 

7734 

8568 

9401 

A 

^.J 

A    .0260  .1094  .1917 

-2760  .3594  4427 

.5260  .6094  .6927 

7760 

8594 

94^7 

A 

.3115 

ii     .mS6  .n«.-r9S3 

.2786  .3620  4453 

.5286 

.6120  .6953 

7786 

8620 

94S3 

H 

.J4J« 

1      ,ojij  .1146  .1979 

.2813  .3646  4479 

-531J 

.6146  .6979 

7813 

8646 

9479 

i 

.!7i 

H    .0339  .1171  .K»s 

.2839  .367*  .450s 

■S339 

.6172  .7005 

7839 

8672 

9505 

H 

<o63 

A      ojSs  .1198  -loS' 

.2865  .3698  4531 

-5365 

.6198  .7031 

7865 

8698 

9S3' 

A 

-437J 

H  j  .0391   11*4  1057 

.2891  .3724  -»SS7 

■S39' 

.6224  .7057 

7891 

8724 

9!S7 

H 

j688 

J      .0417  .1150  .»o83 

■I9'7  -3750  4583 

■S4I7 

.6250  .7083 

7917 

8750 

9S8J 

1 

■S 

H  1 .0443  ■ii'76  .1109 

■'943    3776    A^oq 

■S443 

.6276  .7109 

7943 

8776 

-9609 

H 

-SJiJ 

A  j.0469  .ijM  .iijs 

.1969  .3801  .463s 

.5469  .6302  .713s 

7969 

8802 

963i 

A 

.S6ji 

H    I.049S  .1318  .Il6i 

.299S  .3818  .4661 

■S49S 

.6328  .7161 

799S 

8S2S 

966, 

H 

-S93» 

1      .opi  .1354  ."88 

.3021  .3854  .4688 

-SS" 

.6354  -7188 

8021 

8854 

9688 

i 

.615 

ji  .0547  .1380  .1114 

.3047  .3880  .4714 

■SS47 

.6380  .7214 

8047 

B880 

9714 

H 

.6563    1 

ii  .0573 .1406 .1140 

.3073  -3906  4740 

■55  73 

.6406  .7240 

8073 

8906 

97*0 

H 

■«l7i    1 

H 

.0599  .1431  .2266 

■3099  -393*    4766 

-5599 

.6432  .7266 

8099 

8932 

,766 

H 

.7188 

i 

.0615 .1458 .1191 

.3125  .3958  .4791 

.5625 

.6458  .7291 

8125 

8958 

979i 

i 

■75 

H 

.o6si  .1484  .231B 

.3151  .3984  .4818 

■5651 

.6484  .73 1 8 

8151 

3984 

9ei« 

H 

.7»i! 

11 

.0677  .1510  ■»34+ 

.3177  .40«o  -4844 

■5677 
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TABLE  163 
ORDINATES  FOR  i6'-o"  CHORDS 
American  Bridge  Company  Standards 


On  all  drawings  for 
curved  work  where  radius 
exceeds  facilities  of  Temp- 
let Shop  Floor,  make  a 
slDCtch  as  shown  giving 
ordinatet  from  table. 


Radius 

R 
Ft.  In. 


l6'-  6" 

16-  8 
i6-io 

17-  o 
17-  2 

17-  4 
17-  6 

17-  8 
17-10 

18-  o 

18-  2 
18-  4 
18-  6 

18-  8 
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19-  2 

19-  4 
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24-  4 


Ordinates  for  i6'-o" 
Templet  in  Inches 
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Ft.  In. 
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.c 
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.c 
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.c 
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.0758 
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.0919 
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.1 
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3^ 

.6009 
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.6068 
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.6 
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.6310 
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.6i 
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.8693 
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.8796 
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.8873 
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42 

.9004 

.9030 

•9057 
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•9137 
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.9217 
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43 
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.9407 

.9435 
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•9517 

•9545 
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TAB! 
Squabes,  Cubes,  Squake  Roots  kso  C 


I     No.    I     Square,    |      Cube.      |  5<|.  I 


,  TABLE  165. — Ctmlinued. 

Sqitakes,  Cubes,  Square  Roots  and  Cube  Roots  of 

I      Mo.    I     Square.    |      Cube.      |  Sq.  Root.  |  Cu.  Root.  |     No.     |     Squon.    |      Cube.      |  Sq. 


Root.  I  Cu.  Root.  I 


TABLE  165. 


^ 

fVAKSS,   C 

VBES,   bQC 

rAKE  Koon 

rS  ASD  CI 

7BE  Ka 

oTs  OF  :^i 

ClfBEKS  Fl 

um  200  1 

[0299. 

So. 

SQoare. 

Cube. 

Sq,  RooC 

C«.  RooC 

No. 

s.m«^ 

Cobe. 

I 

C«.  RooC 

200 

40000 

I4.I42I 

5-8480 

250 

.   62500 

15625000 

15.81 14 

6.2996 

OOOOOOO 

2gi 

40401 

8I2060I 

*    14-1774 

5.8578 

251 

63001 

' 15813251 

15-8430 

6.3060 

202 

40604 

1  8242408 

14.2127 

5.8675 

252 

1  63504 

16003008 

;  15-8745 

;  6.3164 

203 

41209 

8365427 

14.2478 

5.8771 

253 

■  64009 

'16194277 

15.9060 

1  6.3247 

204 

41616 

8489664 

14.2829 

5.8868 

254 

64516 

;  16387064 

15^74 

'  6,3330 

205 

42025 

8615125 

14-3178 

!  5.8964 

255 

■  65025 

1 16581375 

15-9687 

6.3413 

206 

4^436 

i  8741816 

1  14-3527 

5.9059 

256 

.  65536 

^ 16777216 

i6joooo 

6.3496 

207 

42849 

■  8869743 

1  14.3875 

■  5.9155 

257 

1  66049 

16974593 

'  16.^)312 

6.3579 

208 

•  43264 

.  899S912 

,  14.4222 

5.9250 

258 

66564 

17173512 

16x624 

6.3661 

209 

1  43681 

9129329 

14-4568 

1  5.9345 

259 

67081 

r 

17373979 

16.0935 

6.3743 

2fO 

'  44100 

9261000 

I4-W«4 

5.9439 

260 

1 

67600 

17576000 

16.1245 

'■  6.3825 

111 

1  44521 

9393931 

14.5258 

5.9533 

261 

68I2I 

: 1777958 I 

16.1555 

6.3907 

111 

1  44944 

9528128 

14.5602 

5.9627 

262 

68644 

17984728 

,  16.1864 

6.3988 

213 

45369 

9663597 

14-5945 

5-9721 

263 

69169 

- 18191447 

16.2173 

;  64070 

214 

45796 

9800344 

14.6287 

5-9814 

264 

69696 

1 18399744 

16.2481 

64151 

215 

46225 

9938375 

14.6629 

5.9907 

265 

70225 

18609625 

16.2788 

64232 

216 

46656 

10077696 

14.6969 

6.0000 

266 

70756 

18821096 

16.3095 

1  64312 

217 

47089 

IO218313 

14-7309 

6.0092 

267 

71289 

19034163 

16.3401 

64393 

218 

47524 

10360232 

14.7648 

6x>i85 

268 

71824 

19248832 

16.3707 

■  64473 

219 

47961 

10503459 

14.7986 

6x>277 

269 

72361 

19465109 

16.4012 

64553 

220 

48400 

10648000 

14.8324 

6^5368 

270 

72900 

19683000 

164317 

64633 

221 

48841 

10793 861 

14.8661 

6.0459 

271 

73441 

19902511 

164621 

64713 

212 

49284 

1094 I 048 

14.8997 

6.0550 

272 

73984 

20123648 

164924 

64792 

223 

49729 

11089567 

14.9332 

6.0641 

273 

74529 

20346417 

16.5227 

64872 

224 

50176 

I 1239424 

14.9666 

6x>732 

274 

75076 

20570824 

16.5529 

64951 

225 

50625 

11390625 

15.0000 

6.0822 

275 

75625 

20796875 

16.5831 

6.5030 

226 

51076 

1 1543 176 

15.0333 

6x)9i2 

276 

76176 

21024576 

16.6132 

6.5108 

227 

51529 

1 1697083 

15.0665 

6.1002 

277 

76729 

21253933 

16.6433 

6.5187 

228 

51984 

11852352 

150997 

6.1091 

278 

77284 

21484952 

16.6733 

6.5265 

229 

52441 

12008989 

15.1327 

6.1180 

279 

77841 

21717639 

16.7033 

6.5343 

230 

52900 

12167000 

15.1658 

6.1269 

280 

78400 

21952000 

16.7332 

6.5421 

231 

53361 

12326391 

15.1987 

6.1358 

281 

78961 

22188041 

16.7631 

6.5499 

232 

53824 

12487168 

15.2315 

6.1446 

282 

79524 

22425768 
22665187 

16.7929 

6.5577 

233 

54289 

12649337 

15.2643 

6.1534 

283 

80089 

16.8226 

6.5654 

234 

54756 

12812904 

15.2971 

6.1622 

284 

80656 

22906304 

16.8523 

6.573 1 

235 

55225 

12977875 

15.3297 

6.1710 

285 

81225 

23149125 

16.8819 

6.5808 

236 

55696 

13144256 

15.3623 

6.1797 

286 

81796 

23393656 

16.9115 

6.5885 

237 

56169 

13312053 

15.3948 

6.1885 

287 

82369 

23639903 

16.9411 

6.5962 

238 

56644 

I 348 I 272 

15.4272 

6.1972 

288 

82944 

23887872 

16.9706 

6.6039 

239 

57121 

1365 I919 

15.4596 

6.2058 

289 

83521 

24137569 

17.0000 

6.6115 

240 

57600 

13824000 

15.4919 

6.2145 

290 

84100 

24389000 

17.0294 

6.6191 

241 

58081 

I 399752 I 

15-5242 
15.5563 

6.2231 

291 

84681 

24642171 

17.0587 

6.6267 

242 

58564 

14 I 72488 

6.2317 

292 

85264 

24897088 

17.0880 

6.6343 

243 

59049 

14348907 

15.5885 

6.2403 

293 

85849 

25153757 

I7.II72 

6.6419 

244 

59536 

14526784 

15.6205 

6.2488 

294 

86436 

25412184 

17.1464 

6.6494 

24s 

60025 

I 4706 I 25 

15.6525 

6.2573 

295 

87025 

25672375 

17.1756 

6.6569 

246 

60516 

14886936 

15.6844 

6.2658 

296 

87616 

25934336 

17.2047 

6.6644 

247 

61009 

15069223 

15.7162 

6.2743 

297 

88209 

26198073 

17.2337 

6.6719 

248 

61504 

15252992 

15.7480 

6.2828 

298 

88804 

26463592 

17.2627 

6.6794 

249 

62001 

15438249 

15-7797 

6.2912 

299 

89401 

26730899 

17.2916 

6.6869 
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TABLE  165.— Coniinued. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Nuw 


No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

300 

9CXX)0 

27000000 

17.3205 

6.6943 

350 

122500 

301 

90601 

27270901 

17.3494 

6.7018 

351 

I23201 

302 

91204 

27543608 

17.3781 

6.7092 

352 

123904 

303 

91809 

27818127 

17.4069 

6.7166 

353 

124609 

304 

92416 

28094464 

17.4356 

6.7240 

354 

125316 

305 

93025 

28372625 

17.4642 

6.7313 

355 

126025 

306 

93636 

28652616 

17.4929 

6.7387 

356 

126736 

307 

94249 

28934443 

17.5214 

6.7460 

357 

127449 

308 

94864 

29218112 

17.5499 

6.7533 

358 

I28164 

309 

95481 

29503629 

17.5784 

6.7606 

359 

128881 

310 

96100 

29791000 

17.6068 

6.7679 

360 

129600 

311 

96721 

3008023 1 

17.6352 

6.7752 

361 

I30321 

312 

97344 

30371328 

17.6635 

6.7824 

362 

13 1044 

313 

97969 

30664297 

17.6918 

6.7897 

363 

13 1769 

314 

98596 

30959144 

17.7200 

6.7969 

364 

132496 

315 

99225 

31255875 

17.7482 

6.8041 

365 

133225 

310 

99856 

31554496 

17-7764 

6.8113 

366 

133956 

317 

100489 

31855013 

17.8045 

6.8185 

367 

134689 

318 

101124 

32157432 

17.8326 

6.8256 

368 

135424 

319 

101761 

32461759 

17.8606 

6.8328 

369 

136161 

320 

102400 

32768000 

17.8885 

6.8399 

370 

136900 

321 

103041 

33076161 

17.9165 

6.8470 

371 

137641 

322 

103684 

33386248 

17.9444 

6.8541 

372 

138384 

323 

104329 

33698267 

17.9722 

6.86x2 

373 

139129 

324 

104976 

34012224 

18.0000 

6.8683 

374 

139876 

3^5 

105625 

34328125 

18.0278 

6.8753 

375 

140625 

326 

106276 

34645976 

18.0555 

6.8824 

376 

141376 

327 

106929 

34965783 

18.0831 

6.8894 

377 

142 I 29 

328 

107584 

35287552 

18.IIO8 

6.8964 

378 

142884 

329 

10824 1 

3561 1289 

18.1384 

6.9034 

379 

143641 

330 

108900 

35937000 

18.1659 

6.9104 

380 

144400 

331 

109561 

36264691 

18.1934 

6.9174 

381 

145 161 

332 

I 10224 

36594368 

18.2209 

6.9244 

382 

145924 

333 

I 10889 

36926037 

18.2483 

6.9313 

383 

146689 

33*4 

111556 

37259704 

18.2757 

6.9382 

384 

147456 

335 

I 12225 

37595375 

18.3030 

6.9451 

385 

148225 

336 

I I 2896 

37933056 

18.3303 

6.9521 

386 

148996 

337 

113569 

38272753 

18.3576 

6.9589 

387 

149769 

338 

I 14244 

38614472 

18.3848 

6.9658 

388 

150544 

339 

I 1492 I 

38958219 

18.4120 

6.9727 

389 

151321 

340 

115600 

39304000 

18.4391 

6.9705 

390 

152100 

341 

I 1628 I 

3965 1 82 1 

18.1662 

6.9864 

391 

152881 

342 

I 16964 

40001688 

18.4932 

6.9932 

392 

153664 

6 

343 

I 17649 

40353607 

18.5203 

7.0000 

393 

154449 

6 

344 

118336 

40707584 

18.5472 

7.0068 

394 

155236 

6 

345 

I 19025 

41063625 

18.5742 

7.0136 

395 

156025 

6 

346 

119716 

41421736 

18.60II 

7.0203 

396 

156816 

6 

347 

120409 

41781923 

18.6279  1 

7.0271 

397 

157609 

6 

348 

121 104 

42144192 

18.6548 

7.0338 

398 

158404 

6 

349 

121801 

42508549 

18.6815 

7.0406 

399 

I 5920 I 

6 
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TABLE  165.— Continued. 
Squares,  Cubes,  Square  Roots  and  Cubb  Roots  of  Nuubers  from  400  to  499. 


No. 

Squan. 

Cub*.      ||5q.Boot. 

Cu.  Root. 

No. 

Square. 

Cub*. 

Sq.  Root. 

Cu.ro, 

400 

160000 

6+000000 

20.0000 

7.3681 

+50 

201500 

91115000 

21.1132 

7.6631 

401 

160801 

6+48.201 

20.0250 

7-3742 

451 

103+01 

91733B51 

21.2368 

7.66S8 

402 

161 604 

6+96+808 

20.0+99 

7-3803 

452 

104304 

92345408 

21. 2603 

7-6744 

403 

162409 

65+50827 

ao.07+9 

7.3864 

453 

205209 

92959677 

21.2838 

7.6801 

404 

163Z16 

65939264 

10,0998 

7.3925 

454 

106.16 

93576664 

21-3073 

7-6857 

405 

16401s 

66+30125 

20.12+6 

7.3986 

455 

10702s 

94196375 

21.3307 

7.6914 

406 

164836 

66923416 

10.149+ 

74047 

456 

207936 

948.88.6 

21.3542 

7.6970 

40? 

165649 

674.9143 

10.17+2 

7-4108 

457 

108849 

95443993 

21.3776 

7.7026 

408 

16646+ 

679.73.2 

10.1990 

7.4169 

458 

109764 

96071912 

11.4009 

7.7082 

409 

167281 

68417919 

10.2237 

7.4229 

459 

110681 

96702579 

21.4243 

7-7138 

410 

168100 

6891.000 

20.2485 

7-4290 

460 

211600 

97336000 

214476 

7.7.94 

411 

168921 

69426531 

20.1731 

7-4350 

461 

111521 

9797218 I 

2.-4709 

7.7250 

411 

1697+4 

699345^8 

10.1978 

7.4+10 

462 

986.1118 

21-4942 

7-7J06 

4'3 

170569 

70+44997 

20.3224 

7-4470 

463 

99252847 

21-5174 

7.7362 

414 

171 396 

709S7944 

10.3+70 

7-4530 

464 

99897344 

2.-5407 

7.7418 

41S 

172225 

7147337s 

10.3715 

7.4590 

465 

11612s 

1005++61S 

2.-5639 

7.7473 

416 

173056 

71991196 

20.3961 

7-4650 

466 

2.7.56 

.0.194696 

11-5870 

7-7529 

417 

173889 

72511713 

20.+206 

7-47 10 

467 

118089 

101847563 

7.756+ 

418 

174724 

73034631 

20.+4SO 

7-4770 

468 

119024 

.01503231 

21-6333 

7.7639 

419 

175561 

73560059 

20.+69S 

7.4829 

469 

2.996. 

10316.709 

i..6s6i 

7.769s 

410 

176400 

7+088000 

20.+939 

7.4889 

470 

120900 

.03823000 

21.679s 

7.7750 

4!I 

I 77241 

7+6,8+6. 

20.5183 

7.494B 

471 

1118+1 

.04+8711. 

2.,70JS 

7.7805 

421 

178084 

75151+48 

20.5+26 

7-5007 

472 

21278+ 

105154048 

11.7156 

7.7860 

423 

178929 

75686967 

20.5670 

7-5067 

473 

123729 

.058238.7 

21.7486 

7-79 '5 

424 

"79776 

76125024 

20.5913 

7.5126 

474 

224676 

106496424 

21.7715 

7-7970 

425 

18062s 

76765625 

20.6155 

7.5185 

475 

i2;62s 

107171875 

11. 79+5 

426 

181+76 

77308776 

20.6398 

7.5244 

476 

126576 

.07850176 

2. .8, 7+ 

7.8079 

427 

182329 

77854483 

20.6640 

7.5301 

477 

227529 

10853.333 

11.8403 

7.8.34 

428 

183.84 

78402752 

10.6881 

7.5361 

478 

12R+84 

109115352 

^i.shi 

7.81 88 

429 

184041 

78953589 

20.7123 

7-5420 

479 

229441 

109902139 

21.8861 

7-8243 

430 

184900 

79507000 

20.7364 

7-5478 

480 

130+00 

..0592000 

21.9089 

7.8197 

431 

185761 

80062991 

10.760; 

7-SS37 

481 

23.36. 

.1.28464. 

21.9317 

7.8352 

431 

1S6614 

80621568 

10.78+6 

7-5595 

4B2 

132324 

111980168 

21-9545 

7.8406 

433 

187+89 

81182737 

20.8087 

7.5654 

483 

133189 

111678587 

21-9773 

7.8460 

434 

188356 

8174650+ 

10.8327 

7.5712 

484 

134256 

113379904 

7.851+ 

435 

18922s 

82312875 

10.8567 

7-5770 

485 

235225 

114084125 

21J3117 

7.8?68 

436 

190096 

82881856 

10.8806 

7.5828 

485 

236.96 

114791256 

22.0454 

7.8622 

437 

190969 

83453453 

10.90+s 

7.5886 

487 

237169 

115501303 

11.06B1 

7.8676 

438 

19184+ 

84027672 

10.9184 

7-5944 

488 

2381U 

.16114271 

21.0907 

7.8730 

439 

192711 

84604s 19 

10.9523 

7.6001 

489 

139121 

116930169 

22.1.33 

7-8784 

440 

193600 

85184000 

20.9762 

7.6059 

490 

240100 

1.7649000 

21.1359 

7.8837 

441 

194481 

85766121 

7-6117 

49" 

241081 

1.8370771 

22.1585 

7.88$1 

44i 

19536+ 

86350888 

11.0138 

7-6174 

492 

2+206+ 

119095488 

78944 

443 

196249 

86938307 

11,0476 

7.6232 

493 

2+30+9 

.19813157 

22.2036 

7.8998 

444 

197136 

87528384 

21.0713 

7.6289 

494 

2++036 

.20553784 

11.1161 

7-9051 

44S 

198025 

8812II1S 

11.0950 

7-63+6 

495 

245015 

121287375 

22.2+86 

7-9105 

446 

198916 

88716536 

11.1187 

7-6403 

496 

2+6016 

121023936 

21.1711 

7.9.58 

447 

199809 

893 14623 

21.1424 

7.6460 

497 

247009 

121763473 

22.2935 

7-921 . 

448 

200704 

89915392 

11.1660 

7-6517 

498 

24800+ 

123505992 

22.3.59 

7-9»64 

449 

201601 

905188+9 

21.1896 

7.6574 

499 

24900. 

124151499 

22.3383 

7.9317 

TABLE  US.—Contiaucd. 
Squakes,  Cubes,  Square  Roots  and  Cube  Roots  op  Nuubbks  fkoh  500  1 


I  Sq.  Root.  I  Cu.  Root.  I     No.     |    Square.    |      Cube.      |  5q.  Root.  |  Cu.  Rooc.  | 


TABf.E  XdS.-— Continued, 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  600  to  699. 


No. 

Square. 

Cube. 

1 
Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

600 

360000 

216000000 

24.4949 

8.4343 

650 

422500 

274625000 

25-4951 

8.6624 

601 

361201 

2 1708 I 801 

24.5153 

8.4390 

651 

423801 

275894451 

25  5 147 

8.6668 

602 

362404 

2 18 167208 

24-5357 

8.4437 

652 

425104 

277167808 

25  5343 

8.6713 

603 

363609 

219256227 

24.5561 

8.4484 

653 

426409 

278445077 

25.5539 

8.6757 

604 

364816 

220348864 

24.5764 

8.4530 

654 

427716 

279726264 

25.5734 

8.6801 

605 

366025 

221445125 

24.5967 

8-4577 

f55 

429025 

281011375 

25.5930 

8.6845 

606 

367236 

222545016 

24.6171 

8.4623 

656 

430336 

282300416 

25.6125 

8.6890 

607 

368449 

223648543 

24.6374 

8.4670 

657 

431649 

283593393 

25.6320 

8.6934 

608 

369664 

224755712 

24.6577 

8.4716 

658 

342964 

284890312 

25.6515 

8.6978 

609 

370881 

225866529 

24.6779 

8.4763 

659 

434281 

286191179 

25.6710 

87022 

610 

372100 

226981000 

24.6982 

8.4809 

660 

435600 

287496000 

256905 

8.7066 

611 

373321 

22809913 1 

24.7184 

8.4856 

661 

436921 

288804781 

25.7099 

87110 

612 

374544 

229220928 

24.7386 

8.4902 

662 

438244 

2901 17528 

25.7294 

8.7154 

613 

375769 

230346397 

24.7588 

8.4948 

663 

439569 

291434247 

25.7488 

8.7198 

614 

376996 

231475544 

247790 

8.4994 

664 

440896 

292754944 

25.7682 

8.7241 

615 

37822s 

232608375 

24.7992 

8.5040 

^A 

442225 

294079625 

25.7876 

8.7285 

616 

379456 

233744896 

24.8193 

8.5086 

666 

443556 

295408296 

25.8070 

8.7329 

617 

380689 

2348851 13 

24.8395 

8.5132 

667 

444889 

296740963 

25.8263 

8.7373 

618 

381924 

236029032 

24.8596 

8.5178 

668 

446224 

298077632 

25.8457 

8.7416 

619 

383 161 

237176659 

24.8797 

8.5224 

669 

447561 

299418309 

25.8650 

8.7460 

620 

384400 

238328000 

24.8998 

8.5270 

670 

448900 

300763000 

25.8844 

8.7503 

621 

385641 

239483061 

24.9199 

8.5316 

671 

450241 

302111711 

25.9037 

87547 

622 

386884 

240641848 

24.9399 

8.5362 

672 

451584 

303464448 

25.9230 

8.7590 

623 

388129 

241804367 

24.9600 

8.5408 

673 

452929 

30482 I 2 17 

25.9422 

87634 

624 

389376 

242970624 

24.9800 

5^53 

674 

454276 

306182024 

25.9615 

8.7677 

625 

39062s 

244140625 

25.0000 

8S4^;?9 

^7| 

455625 

30754687s 

25.9808 

8.7721 

626 

391876 

245314376 

25.0200 

8.5544 

676 

456976 

308915776 

26.0000 

8.7764 

627 

393129 

246491883 

25.0400 

8.5590 

(>77 

458329 

310288733 

26.0192 

8.7807 

628 

394384 

247673152 

25.0599 

8.5635 

67S 

459684 

3 1 1665752 

26.0384 

87850 

629 

395641 

248858189 

25.0799 

8.5681 

679 

46104 I 

313046839 

26.0576 

8.7893 

630 

396900 

250047000 

25.0998 

8.5726 

680 

462400 

314432000 

26.0768 

8.7937 

631 

398161 

251239591 

25.1197 

8.5772 

681 

463761 

315821241 

26.0960 

8.7980 

632 

399424 

252435968 

25.1396 

8.5817 

682 

465124 

3 1 72 14568 

26.1151 

8.8023 

633 

400689 

253636137 

25-1595 

8.5862 

683 

466489 

318611987 

26.1343 

8.8066 

634 

401956 

254840104 

25.1794 

8.5907 

684 

467856 

320013504 

26.1534 

8.8109 

635 

403225 

256047875 

25.1992 

85952 

685 

469225 

321419125 

26.1725 

8.8152 

636 

404496 

257259456 

25.2190 

8-5997 

686 

470596  • 

322828856 

26.1916 

8.8194 

637 

405769 

258474853 

25.2389 

86043 

687 

471969 

3  24:?  42703 

26.2107 

8.8237 

638 

407044 

259694072 

25  2587 

86088 

688 

473344 

325660^72 

26.2298 

8.8280 

639 

408321 

260917119 

25.2784 

86132 

689 

474721 

3270827^ 

26.2488 

8.8323 

640 

409600 

262144000 

25.2982 

86177 

690 

476100 

328509000 

26.2679 
26.2869^ 

8.8366 

641 

410881 

263374721 

25.3180 

8.6222 

691 

477481 

329939371 

8.8408 

642 

412164 

264609288 

25.3377 

8.6267 

692 

478864 

331373888 

26.3059" 

8.8451 

643 

413449 

265847707 

25-3574 

8.6312 

693 

480249 

332812557 

26.3249 

»^.^493 

644 

414736 

267089984 

25.3772 

8.6357 

694 

481636 

334255384 

26.3439 

8.83-6 

645 

416025 

268336125 

253969 

8.6401 

69s 

483025 

335702375 

26  3629 

8.857; 

646 

4173 16 

269586136 

254165 

8.6446 

696 

484416 

337153536 

26.3818 

88621  > 

647 

418609 

270840023 

25  4362 

86490 

697 

485809 

338608873 

264008 

8.8663 

648 

419904 

272097792 

25.4558 

86535 

698 

487204 

340068392 

26.4197 

8.8706 

649 

421201 

273359449 

25-4755 

8.6579 

699 

488601 

341532099 

26.4386 

8.8748 
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TABLE  165.~Conlinutd. 
Squares,  Cubes,  Square  Roots  and  Cube  Rcxjts  of  Numbers  from  700  to  799. 


Cube.        Sq.  Root.     Cu.  Root. 


'  Sq.  Foot.      Cu.  Root. 


TABLE  165— Coniiavtd. 
Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  900  i 


No. 

Squ«t. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

SQuare. 

Cube. 

Sq.  Root. 

Cu.  Root. 

900 

Sioooo 

729000000 

30.0000 

9.6549 

9SO 

902500 

BS737SOOO 

30.8221 

9.8305 

901 

811801 

73143^701 

30.0167 

g.6585 

951 

904401 

860085351 

30.8383 

9-8339 

902 

813604 

733870808 

30.0333 

9.6620 

952 

906304 

86280140B 

JO.854S 

9-8374 

903 

815409 

736314327 

30.0500 

9.6656 

953 

908209 

865513177 

30.8707 

9.8408 

904 

817216 

738763264 

30.0666 

9.6692 

954 

910116 

868250664 

30.8869 

9.8443 

90; 

81902s 

741117615 

30.0832 

9.6727 

9SS 

912025 

870983875 

30.9031 

9-8477 

906 

820836 

743677416 

30.0998 

9.6763 

9S6 

913936 

873722816 

30.9191 

9-8511 

907 

746142643 

JO.  1 164 

9.6799 

957 

915849 

876467493 

30.9354 

9.8546 

908 

748613312 

30-1330 

9.68J+ 

958 

917764 

879217912 

30.9516 

9.8;8o 

909 

8262BI 

751089419 

301496 

9.6870 

959 

919681 

881974079 

30.9677 

9.8614 

910 

8 28 100 

753571000 

30.1662 

9.690s 

960 

921600 

884736000 

30.9839 

9.8648 

911 

829921 

756058031 

30.1828 

9.6941 

961 

92JS1I 

887503681 

31.0000 

9.8683 

9U 

831744 

758550528 

30.1993 

9.6976 

962 

9:5444 

890277128 

31.0161 

9.8717 

9t3 

833569 

761048497 

30.2159 

9.7012 

963 

927369 

893056347 

JI.O322 

9.8751 

914 

835396 

763551944 

30.2324 

97047 

964 

929296 

895841344 

31.0483 

9.878s 

91s 

83722s 

766060875 

30.2490 

9.7081 

96s 

931225 

898632125 

31.0644 

9.8819 

916 

839056 

768575296 

30.2655 

97118 

966 

933 'S6 

901428696 

31.0805 

9.8854 
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Angles,  Minimum  .  .60, 142,  143,  206,  211,  223 

Angles,  Overrun  of 221 ,  41 1 

Angles,  Staired 578 

Angles  in  tension. ...  1 573 

Annealing 63,  146,  214,  217,  480 

Anthracite  coal  bin 300,  301,  302,  304 

Anthracite  coal,  Weight  of 311 

Anti-condensation  lining,  28,  29,  31,  52,  53,  59, 

.439 

Anti-condensation  lining.  Cost  of 439 

Arbitration  bar. 489,  490 

Arch 266 

Arch,  Masonry 271 

Arch,  Roof 13,    14 
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Ash  bin 300,  301,  302,  306 

Ashes,  Weight  of 69,  300,  311 

Ashlar 267 

Ashlar  masonry 270 

Ashlar  stone 269 

Asbestos 28,  29,  52,  53,  59,  439 

Asbestos,  Cost  of 439 

Asbestos  covered  steel  sheets 28 

Asphalt 178,  181,  182,  516 

Asphalt  paint 516 

Augur 461 

Average  cost  of  steal 433 

Backing 267,  270,  271 

Backing-out  punch 452,  462 

Ballasted  floor 178,  194 

Ballasted  floor  trestle •. 284 

Ballast,  Weight  of 204,  208 

Baltimore  bridge  truss 109,  560,  566 

Bars 62,  416,  426 

Bars,  Lacing 414,  598 

Minimum 60,  142,  207 

Shop  cost  of 431 

Bases,  Cast-iron  column 92,  93,  94,  104 

Bases,  Column 104 

Base  plates 62 

Batten  plates 61 ,  143,  211 

Batter 249,  267,  277 

Batter  of  columns 380 

Batter  pile 279 

Bay 3 

Beam  bridges,  108,  no,  117, 118,  119,  120,  121, 
149 

Beam  bridges.  Weight  of 113 

Beams 404,  407,  408,  416,  418 

Deflection  of 533 

Details  of 82,  407,  408 
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Beams,  Flexure  in 533 

Reinforced  concret* 546 

Rolled 58,  104,  142 

Separators  for 83 

Shop  cost  of 430 

Shear  in 533,  542 

Stresses  in,  529,  536,  537,  538,  539,  540,  541, 

^      543.  544»  545 

Beanng  pile 279 

Bearing  plate 75,  379,  586 

Bearing  power  of  piles 75,  477 

Becket 448,  480 

Bed 267 

Bed  plates 66,  144,  146,  217,  484 

Bench  wall .». 267 

Bending  moment 160,  529 

Bending  moment  tables 166,  167 

Bending  moments  in  railway  bridges,  163,  164, 

165,  166,  167,  171,  172 

Bending  stresses  in  wire  rope 344 

Bent 277 

Bent,  Transverse 12,  556 

Bessem3r  pig  iron 487 

Bessemer  steel 487,  494,  497,  507 

Bethlehem  H-columns 405 

Bevels 41 1 

Beveled  washer 571 

Bill  of  castings  for  Howe  truss 289 

matarial 389,  425 

rivets 400 

timber 288,  473 

Billet-steel  reinforcement 507 

"Bite"  of  a  line 481 

Bin  gates 362 

Bins 299,  319,  362 

Bins,  Grain 319 

Bins,  Cost  of 429,  433,  434,  436 

Bins,  Cost  of  erection  of , 436 

Blister  steel 487,  493 

Blocks  for  Manila  rope 446,  448,  450 

Blocks  for  wire  rope 447,  449 

Boiler  steel 431,  505 

Bolsters 144,  212 

Bolts,  65,  95,  143,  145,  211,  216,  287,  297,  458 

Boits,  Anchor,  see  "Anchor  bolts" 

Bolts,  Falsework 458 

Bolts,  Turned 65,  145 

Bond 267,  270,  521,  526,  547 

Bond  in  concrete 521,  526,  547 

Boom 468,  469,  470,  471 

Brace,  Shop  details  of 394 

Bracing,  4,  9,  18,  55.  62,  97,  98,  100,  105,  137, 

212,223,361.381 

Lateral 62,  137 

Transverse 9,  18,  62,  137,  223,  361 

Weight  of 4 

Wind 55.  62,  98,  100,  loi,  102 

Bracket 97 

Brass 520 

Brass,  Weight  of 69 

Break-water 249 

Brick : 428 

Brick  floor 8,    34 

Brick,  Weight*  of 69,  237 
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Bridge  abutments,  245,  250,  252,  253,  254,  255 

clearances 125,  137,  200 

erection 395,  429,  441,  485 

floors,  125,  126,  133,  178,  179,  180,  181,  182 

piers 245,  255,  257,  258,  259,  260 

Signal 157 

span,  Length  of 137 

specifications 137,  185,  208 

shop  cost  of 434 

trusses 107,  137,  149,  401 

trusses.  Stresses  in 558,  569 

Steel  for 499 

Timber 277,  285 

Types  of 137,  207 

Waterway  for 250 

Weight  of no,  113,  115,  150,  151,  157 

Bronze 520 

Build 267 

Building  columns 19,  20,  21,  84,  93 

Floor  plan  for 81 

Foundations  for 94 

Height  of 55 

materials 69 

paper 28 

Buildings,  Specification  for 55,  103,  497 

Steel  office 69 

Waterproofing 76 

Weight  of  tall  steel 70 

Buckle  plates 132,  138,  315,  359,  360 

Bulb  angles 418 

Built-up  tension  members 574 

Bulkhead 277,  297 

Bull  wheel 469 

Bunkers,  Suspension 309,  315,  316 

Burlap 178   179,  180,  181,  182,  243 

Caisson 94 

Cages 346,  362 

Cain's  formulas  for  retaining  walls 230 

Calculation  of  stresses  in  tall  buildings. ...     76 
Calculation  of  stresses  in  highway  bridges,  117, 

558 
Calculation  of  stresses  in  railway  bridges. .  164 

Camber 14,  144,  206,  207,  212,  213 

Camel  back  truss t . .  109,  558,  567 

Cant  hook. . 458 

Cantilever  bridge no 

Cantilever  beam 536 

Cap 277,  279.  296 

Capacity  of  coal  tipples 355,  356 

Car  puller 337 

Car,  Push 459 

Carbon 488,  494,  514 

Carbon  steel : 149,  152,  173 

Card  of  mill  extras 430,  431 

Carrying  hook 458 

Cast  iron 65,  104,  215,  297,  384,  487,  488 

column  bases 92,  93,  94 

details 286,  287 

separators 83 

Weight  of 69 

Castings,  Steel 63,  66,  510 

Caulking 380,386,  387 

plates 380 
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Caulking,  tool 462 

Cement  paint 516 

Cement,  Specifications  for 522 

Center  of  gravity 535 

Centering 267 

Centrifugal  force 140,  205,  209 

Centroid 535 

Chains 451 

Annealing 480 

Cost  of 440 

Channels 417,  418,  427 

Channels,  Separators  for 83 

Chords,  Upper 61 

Chords  for  railway  bridge 175,  176 

Chords,  Shop  cost  of 434 

Chrome  steel 495 

Chromium-nickel  steel 495 

Circular  ends 221 

girder 367 

steel  bin 313,  317,  326,  333 

ventilator 29,  59,  423,  427 

Clamp i 267 

Classification  of  bars 431 

material 426 

Claw  bar 453 

Clearance  diagram 200 

for  members 401 

standards. . . .  v 412,  413 

of  riveted  members 219,  412,  413 

Clerestory 3 

Clevis. 571,  572 

Clinch  rivets I9i  23 

Closing  rivets 52 

Coal  bm 300,  301,  302,  303,  304,  318 

breakers 361 

bunkers 315,  316 

Friction  of 312 

tar  paint 516 

tipples 339,  352,  361,  363,  436 

tipples,  Cost  of 436 

tipples.  Shaking  equipment  for.  353,  357,  358 

washers 361 

Weight  of 311 

Coefficient  of  friction 236,  321 

Coke  bins. .  .• 312 

Coke,  Weight  of 311 

Cold  cutter 452 

Cold  twisted  bars 508 

Columns,  15,  61,  85,  93,  104,  176,  403,  404, 
405,  406,  426,  526,  547,  579,  590 

Column  bases 92,  93,  94,  104 

Column  bases,  Pressure  on 56 

Column,  Details  of,  86,  87,  88,  89,  90,  91,  374 

Column  formulas 79,  80,  533 

Column,  Length  of 79,  80,  81 

Column,  Loads  on 74,  104 

Column  schedule ^5*  94>  402,  404 

Column  splices 90,  91 

Columns,  Mill  building 19,  20,  21,  54 

Columns,  Office  building 84,  98,  102 

Columns,  Shop  cost  of 433 

Columns,  Stresses  in 368,  521 

Columns,  Timber 58,  298 

Columns,  Weight  of 4 
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Combined  stressej 
Compressive  stres 
Compression  men 
Compression  fian| 
Compression  form 
Concrete 

Abutment. . . . 

Aggregage 

Details  of  const 

floor 

in  foundations. 

Ingredients  in. 

Mixing 

Proportions  of. 

retaining  walls. 

Specifications  f< 

Strength  of . . . 

Weight  of.  ...  , 
Connection  angiC 

^     574. 595 
Conductors 

Connections 

Connections,  Clea 

Connections,  Fieh 

Floorbeam. . . . 

Strength  of . . . 

Shop  cost  of . . . 
Connecting  bar. . 

Conductors 

Contents  of  abutr 
Contents  of  piers. 
Contents  of  retair 
Continuous  beami 
Continuous  sash . 
Conventional  sign 
Conventional  sign 

Conveyors 

Cooper's  Convent 
163,  164,  165 
Cooper's  abutmer 
Cooper's  piers. .  . 
Cooper  hitch .... 

Cope 

Cope  chisel 

Coping 

Coulomb's  theory 
Copper 

rivets 

steel 

Weight  of 

Comer  finish. . . . 

Cornice 

Corrosion  of  iron  • 
Corrugated  steel, 

456 

plans 

roofing 

Cost  of 

Details  of . . . 

door 

fastenings. .  . 
Minimum  thi 
Safe  loads  foi 
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Corrugated  steel,  shear 456,  460 

tools 456 

Weight  of 4,  25 

Corrugated  iron  floor 34 

Cost  of  drafting 429 

erection 347,  436,  437,  438 

erection  of  tubular  piers 437 

erection  of  steel  head  frame 347 

floors 439 

iaying  corrugated  steel 439 

material 428,  440 

mill  extras 430 

painting 430,  433,  438 

roofing 439 

riveting 436,  437,  438 

tar  and  gravel  roofing 32,  439 

tile  roofing 31 

steel  grain  elevators 337 

structural  steel 425,  428,  429 

Counters.  * 142,  206,  210 

Counterbalanced  windows 39 

Counterfort  retaining  wall 239 

Couple 527 

Course 267 

Coursed 267 

Cover  plates 220 

Crab 442,  443 

Cramps. 267 

Crane  girders 54,  426,  542 

Crane  posts 61 

Cross  frame 224 

Cross-eyed  fuller 462 

Cross-grain 278 

Crow  bar 453 

Culvert 266,  271,  435 

Culverts,  Shop  cost  of 435 

Culverts,  Waterway  for 250 

Cuppers 453 

Cutting  to  exact  length 430 

Cut-water 249 

Curb 138 

Cylinder  piers 255,  260,  261,  265 

Cylinder  piers,  Shop  cost  of 435 

Dead  loads,  55,  116,  139,  202,  204,  207,  208, 
361 

Dead  loads  of  office  buildings 70 

Dead  load  stresses 553,  556 

Dsad  man 470 

Deck  beams 418 

Deck  plate  girders 400 

Deck  truss,  Stresses  in 566 

Deep  bins 311,  319,  325 

Deflection  of  beams,  530,  533,  536,  537,  538, 

539»540.  541.  543.  544»545 
Deformation 527,  532 

Deformed  bars 508,  509 

Delta  metal 520 

Depth  of  bridge  trusses 125 

Depth  of  plate  girders 210 

Depth  of  trjusses 210 

Derrick  car 470,  480,  481 

Derrick  crab 442 

Derricks 480 


PAGE 

Design  of  bearing  plates 586 

bins 313,  326 

columns 579 

end-post 587 

floorbeam 590 

I-beam 580 

lacing  bars 598 

pins 584 

plate  girders 581 

railway  bridges 219 

retaining  walls 231,  232,  234 

rollers. 579 

steel  details 57 1 

stand-pipes 381 

Design  drawings 42 1 

Design  for  flexural  stress 579 

Detail  noies 410 

Details  of  angle  struts 409 

beams 82,  333,  407,  408 

framework 85 

bridges 119,  120,  175 

columns,  19,  20,  21,  86,  87,  88,  89,  90,  91 

Cost  of 429 

end-post 396 

head  frames .347,  348,  349.  350 

office  buildings 103 

roof  trusses,  16,  17,  18,  390,  391,  392,  393 

stand-pipes 369,  371,  379 

tanks 369 

top  chord 397 

wall  construction gO 

wind  bracing 98 

Diagonal  stresses 53 1 

Diagonal  tension 531 

Diamond  point 453 

Dimension  stone 267 

Disc  pile 279 

Dolly 454.  455.  456,  461 

Door 43,  60,  329,  422,  428,  440 

Door  track. 48 

Dote 279 

Dowel 268,  277 

Draft. 268 

Drafting,  Cost  of 429 

Drafting,  Structural 389 

Drainage  table 251 

Drainage  for  highway  bridge  floors 138 

Draw,  Allowance  for 223 

Draw  spans 157 

Dressing  stone 269 

Drift  bolt 277,  282,  283,  284,  297 

Drift  pin 386,  452,  462 

Drifting. 484 

Duchemin's  formula 5 

Dumping  devices 363 

Dun's  drainage  table.  * 251 

Dry  masonry 271 

Earth,  Weight  of 69.  237 

Eave  strut 9,  23,  49,  50 

Eave  strut.  Shop  cost  of 433 

Eccentricity 222 

Eccentric  loads 142,  534 

Eccentric  riveted  connections 595 
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Elconomic  design 125,  174 

Edges,  Planed 66,  145 

£ds^e  distances  of  rivets 60,  143,  210 

£dge  plates 415,  420,  421,  422 

Elfficiency  of  tackle 447,  451 

I    Elasticity 527 

Elastic  limit 496,  528 

Electric  railway  bridges 115,  139 

Electric  light  pole 136 

Elevators  for  grain  bins 334 

Elevated  tanks 365,  379 

Ellipse  of  stress 531 

Elongation  of  steel 62,  63,  496 

Elongation  of  wrought  iron.  .  .  .  .491,  492,  496 

Engine  service 483 

Engineering  materials 487 

.  End  bracing 212 

End  connections  for  I-beams 595 

'     End  coimections  for  top  chord 593 

End-post,  Bending  in 222 

Design  of 587 

Details  of 196,  396 

End  shears 163,  164,  165 

Ex]uivalent  uniform  loads I5i»  I59 

Erection  diagram 389,  395 

plan  for  mill  buildings 408 

plan 400 

Erection  of  armory 479 

"•  bridges 147,  437,  438,  441.  483 

corrugated  steel 439 

head  frames 363 

plate  girders 441 

•; !  stand-pipes 386 

;:'  steel 67,  100,  411,  441 

steel  frame  buildings 436 

^  j  tubular  piers 437 

^  I  Erection,  Specifications  for 483 

]  Instructions  for 479 

Inspection  of  bridge 485 

^ '   Erection  tools 443,  448  to  467 

*  Estimates 348,  425 

■  ,   Examples  of  abutments,  250,  252,  253,  254, 

*  ,  255,  256 

*  I  bins 317 

" ;  coal  tipples 352 

I  head  frames 346 

grain  elevators 328 

I,  highway  bridges,  127,  128,  129,  130,  131 

I  office  buildings loi 

"  plate  girders 184,  189,  190 

^  railway  bridges,  185,  191,  192,  193,  194, 

'  '  196,  197,  198,  199 

-  retaining  walls 237 

^  steel  mill  buildings,  48, 49,  50,  51 ,  52,  53,  54 

V  Expansion,  104,  133,  144,  206,  211,  212,  423, 

■;  434 

j'  I    Expansion  joints 243,  268,  382 

I^  I    Expansion  rollers 579 

Experiments  on  grain  pressure 325 

5'      Extrados 268 

?  Eye-bars,  62,  66,  144,  145,  207,  213,  216,  217, 

:0  222,571,573 

•* !    Eye-bars,  Shop  cost  of . . .  • 434 

i^^         Stresses  in 586 
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Eye-bars,  Tests 147,  218,  505 

Weight  of 573 

Eye-bar  hook 457 

Fabrication  of  steel.  Inspection 518 

Face ^ 268 

Facing 268 

Factor  of  safety 527 

Factory  ribbed  glass 8,  41 

Fall  line  ball 448 

Fall  lines 468,  469,  470,  471 

Falsework 473,  476,  483 

Cost  of  erection  of 437 

Falsework  piles 281 

Falsework  plans 389 

Falsework  bolts 458 

Fastening  angles 141,  207 

Fence 134,  135,  136 

Fence,  Shop  cost  of 434 

Felloe  guard 134,  135,  136 

Felt  and  asphalt 4 

Field  bolts 58,  143 

Field  connections 66,  67,  145,  216,  484 

paint 516 

rivets 58,  66,  146,  217,  400,  467 

rivets.  Number  of 437,  438 

riveting 106 

Filler  plates 65,  144,  145,  211,  216 

Filler  rings 143 

Final  set 268 

Fink  trusses 9,  10 

Firebox  steel 431 

Fireproofing 69 

Fireproof  construction 69 

Fish  plate 277 

Fixed  beam 540 

bearings 144 

sash 4i»  42 

Flange  plates 60,  142 

rivets 142,  210,  221 

splices 220,  584 

steel 431 

Flashing,  Stack 29 

Flashing 52,  59,  427 

Flat  plates.    313,  535 

Flemish  bond 267 

Flexure 529 

in  beams 533 

Flexure,  Members  in 579 

Flexure  and  direct  stress 534 

Floors. .    33,  34,  329,  439 

Cost  of 439 

Highway  bridge 125,  126,  132 

Live  loads  for 71,    73 

Plank 138 

for  railway  bridges 176,  194,  204,  208 

Shop 8 

Specifications  for 32 

Timber 35 

Waterproofing  bridge,    133,    1 78,    179,    180, 
181,  182 

Floor  panels 99 

Floor  plans 81,  85,  99,  402,  403 

Flooring,  steel  plate 34 
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Floorbcam  connection 590 

Floorbeam  reactions 163,  164,  165 

Floorbcam,  Design  of 590 

Floorbeams 82,  105.  212,  216,  222 

Floorbeams  for  highway  bridge 138 

Floorbeams  for  railway  bridges  . .  183,  184,  185 

Floorbeams,  Shop  cost  of 434 

Weight  of Ill 

Hush 268 

Footing 268 

Footwalks 137 

Forces 527 

Forked  ends 211 

Forms 237,  241.  243,  268.  274 

Foundations,  53,  54,  56,  75,  95,  100,  104,  268, 


334»  372,  a86 
indat 


Foundations,  Pressure  on,  232,  234,  236,  247, 
248,  249,  250 

Foundation  plan 389 

Frame  trestle 277,  288 

Framework  of  steel  frame  buildings,  9,  49,  53 

Framework  of  office  buildings 85 

PVeezing  weather,  Placing  concrete  in,  240,  243, 

274 

Freight 433 

Freight  rates. 438 

Friction,  Coefficient  of 236 

Friction  on  bin  walls 312 

Friction  of  wheat 321 

Frost-proofing 373,  381 

Fuller 462 

Fuller's  rule 240 

Gallows  frame 472 

Gantry  traveler 472,  474,  475 

Gamers 337 

Gaspipe,  Cost  of 440 

Gates,  Bm 362 

Gin  pole 468,  470,  480 

Girders,  Beam 404,  407,  408 

Circular 367 

Crane 54 

Plate 57.58 

Riveted 400,  403 

Girder  hook 457.  4^1 

Girts.. 3,  9,   14,   50,  56,  62,  277,  297 

Spacing  of 59 

Weight  of 4 

Glass 8,  36,  37,  38,  60 

Glass  roof  tile 31 

Glass,  Weight  of 69 

(}lazing 41 

(irain  elevator 319.  337.  433.  434 

(}rain  bins 319,  325 

(ffain  shovel 337 

(ioosc  ni*ck 471.  4^0 

Gordon's  formula 80 

(iraphic  moments 561 

Graphic  resolution 552,  558,  559 

Ciranhitc  paint 67 

( irillagc 94 

( irout 268 

(.uard  rail 177,  277,  281,  284.  287,  297 

Guard  timbers 139,  277,  281 


PACE 

Gusset  plate 219 

Gutters 23.  26,  59,  423,  427 

Guy  derrick 468,  469,  472 

Hacked  boh 95 

Handle  gouge. .  t 452,  462 

Hammer 279 

Hand  holes 222 

Hand  gouge 452 

Handrailing 137 

Head  frames 339.  346,  436 

Head  sheaves 363 

Head  works  for  mines 339 

Heart  wood 278 

Heating  shop  buildings 8 

Highway  bndges 107 

Highway  bridge  abutments 256 

Highway  bridges,  Allowable  stresses  in,  1 1 7, 141 

Classes  of 137 

Combination 295 

Examples  of 127,  128,  129,  130,  131 

Erection  of 147 

Shop  cost  of 435 

Field  rivets  in 437 

Floors  for 125,  126,  132,  138 

Floorbeams  for 138 

Headroom  for 137 

Impact  for 117,  141 

Joists  and  stringers  for 13d 

Loads  for no,  116 

Painting 146,  147 

Piers  for 261 

Plate  girder 121,  123,  124 

Railing  for 137 

Sidewalks  for 113,  137 

Rollers  for 133.  135 

Spacing  of  trusses  for 137 

Specifications  for 137 

Stresses  in 117,  118,  119,  120,  121,  557 

Timber 292 

Types  of 107,  115,  137 

Weight  of 1 10,  115 

Header 268,  270 

Hoist 443 

Hoisting 339 

Hoisting  blocks 446,  447,  448,  449,  450 

Hoisting  engine 442,  443 

Hoisting  rope 341,  350,  360,  443,  444,  480 

Hooks,  Stresses  in 533 

Hopper  bins 312,  316,  317.  318 

Hot  twisted  bars 509 

Howe  truss 10,  109,  286,  287,  290,  291 

Howe  truss,  Cost  of  metal  in 436 

Hub  guard 134.  135.  136 

Hutton's  formula  for  wind  pressure 5 

Hyperbolic  logarithms 322 

I-Beams 427.  580 

Impact 161,  204,  205,  208,  528,  529 

Impact  on  office  buildings 72,  103 

Impact  formulas 161 

Impact  on  highway  bridges 117,  141 

Impact  on  railway  bridges. .  161,  204,  205,  208 
Impact  on  timber 298 
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mpact  tests 162 

ndirect  splices 144,  211 

nitial  set 268 

nitial  stress 62,  207,  381 

nspection  of  steel  at  mill , 215 

bridge  erection 485 

bridge  material 217 

steeL 67,  105,  146,  517,  518 

nstnictions  for  erection  of  structural  steel,  479 

estimating 426 

inspection  of  steel 517 

ntermediate  sill 277 

ntrados , 268 

nvoices. 218 

ron,  Corrosion  of 513 

ron  oxide 514 

ron  details  for  Howe  truss,  286,  287,  289,  291 

'ack  stringers 277,  297 

acks 459 

anssen's  solution  for  stresses  in  bins 319 

oints 66,  268 

joints  in  concrete 275 

[oists  for  highway  bridges.. 138 

Cetchum's  modified  saw  tooth  roof,  9,11, 44, 48 

Cey  wrench 455 

Cnee  brace 97 

Cnot 278 

^ots  in  manila  rope 444,  445 

^cing  bars,  61, 65,  143, 145, 211,  216,  414,  598 

.«acing  bars.  Design  of. 598 

-adder 373,  374,  376,  377,  378,  381,  383 

-agging 268 

.^itance 275 

^mpblack 514 

ending  stage 363 

«ap8  of  corrugated  steel 59 

«ateral  bracing 62,  149,  223 

connections 372,  373,  374 

plate 571 

pressure 321 

^terals.  Weight  of 1 1 1 

^ttice  bars,  see  "Lacing  bars" 

-ead 519 

.«ad.  Red 514 

-ead.  Weight  of 69 

^ads 279 

-eg  bridge 108 

^ngths  of  angles 417,  418 

channels 418 

I-Beams 418,  430,  431,  432 

plates 418,  419,  420,  421,  422 

^ngth  of  columns 79,    80 

compression  members,  6€,  141,  209,  363, 

379 
span 55 

..ettering  shop  drawings 398 

-ewis 268 

..if ting  capacity  of  tackle 449,  450 

-ist  of  drawings 389 

erection  tools 463,  464,  465,  466,  467 

rivets 389 

68 


PAGE 

Linseed  oil 514 

Live  loads 70,  139 

Live  loads  on  columns 74,  104 

floors 73 

highways  bridges 116 

omce-buildings 7if  72,  103 

railway  bridges 202,  205,  208 

Live  load  stresses 563 

Loads 55.  70»  73.  361 

Minimum 7 »  56,  74,  104 

Snow 4,    72 

Wind. 5,    72 

Loads  on  bin  walls 324 

columns 74,  104 

foundations 56,  75,  104,  236,  249 

highway  bridges no,  116,  139,  140 

masonry 56 

office  buildings 70,  103 

piles 57.477 

railway  bridges 151,  209 

roofs 74 

stand-pipes 382,  387 

timber  floors 35 

Lock 268 

Locks 270 

Logarithms,  Hyperbolic 322 

Locomotives,  Heaviest 154 

Locomotives,  Weight  of 154,  205 

Long  rivets 143,  211 

Longitudinal  braces 296 

forces 141 

strut 277 

X-brace *. 277 

Loop  bars 571 ,  572 

Louvres,  3,  12,  24,  43,  44,  52,  59,  423,  427 

Machinery  loads 362 

Manhole 378 

Malleable  castings 487,  488 

Manila  rope 440,  443,  480 

Manganese 488,  494 

Manganese  Bronze 520 

Manufacture  of  cast-iron 488 

steel 493 

wrought-iron 489 

Marking  diagram 395 

Maul 452,  462 

Masonry 56,  520 

abutments,  245,  246,  250,  252,  253,  254,  255, 
256  • 

Classification  of 266 

Dressing  of 266,  267 

piers 261 

plan 389 

Pressure  on,  56,  75,  104,  141,  209,  236,  542 

retaining  walls 234,  238 

Specifications  for 269 

Weight  of 96 

Ma?t 468,  469,  471 

Mastic,  Asphalt. 181,  182 

Material,  Classification  of 426 

Conventional  signs  for 399 

Engineering 487 

Estimating 426 
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Material,  Ordering 415,  416,  417 

Weight  of 69,  237 

Maximum  bending  moments  in  beam,  160,  542 
Maximum  bending  moments  in  bridges,  163, 

164,  165 
Maximum  length  of  member,  61,  141,  209,  363, 

379 

diameter  of  rivet 143 

stresses 160,  558 

Merchandis3,  Weight  of 73 

Metal,  Minimum  thickness  of 142,  210 

Mill  building  columns 15,  19,  20,  21 

Mill  buildings,  Cost  of  details  of 429 

Cost  of 433 

Design  drawings  for 421 

Erection  plans  for 408 

Erection  of 441 

Estimates  for 425 

Walls  for 7 

Mill  extras,  Cost  of 430,  431 

Mill  inspection  of  steel 146 

Mill  orders 67 

Milling  plates 432 

Minimum  angles 8,  60,  143,  206,  211,  223 

bar 207 

loads 56,  74,  104 

thickness  of  corrugated  steel 8 

thickness  of  metal,  8,  105, 142,  210,  363,  380, 

382,  387 

sections 60 

Mine  buildings 8,  436 

Misfits 484 

Mixing  concrete. 240,  242,  274 

Modulus  of  elasticity 528 

Moments  in  continuous  beams 544 

Moments  of  forces 527 

Moments  in  railway  bridges,   163,   164,   165, 

171,  172,  174 
Moment  of  inertia,  530,  535,  548;  549,  550,  551 

Moment  splices 220 

Moment  table 167 

Monitor  ventilator 3f  4i>  43>  59 

Mortar 268,  269 

Muntin 38,  39,  40,  41,  42,  43 

Nails,  Cost  of 440 

Naperian  logarithms 322 

Natural  bed 268 

Natural  cement 522 

Net  sections 60,  61,  141,  206,  210,  220 

Neutral  axis 529 

Neutral  suriace 529 

Newel  posts 135,  136 

Nickel 519 

Nickel  steel 149,  152,  173,  495,  496,  502 

Nigger  head 442 

Nuts,  Pilot 66 

Oblong  steel  pier 263,  265 

Office  buildings 69,  402 

Calculation  of  stresses  in 76 

Columns  for,  98,  102,  104,  402,  403,  404, 

405,  406 
Cost  of 433,  436 


PACB 

Office  buildings.  Erection  of 105, 441 

Estimates  for 42$ 

Floorbeams  for 99,  105, 403 

Floor  plans  of 99, 402, 40} 

Foundations  for 100 

Loads  on 70,  72,  IQ3 

Spandrel  sections  for iob 

Specifications  for lo]} 

Oil  paint 51; 

Oil  tanks , jgi 

Old  man 456, 460 

Open-hearth  steel,  62,  487,  494,  497,  499,  50; 

505,  507 

Ordering  material 415,  416, 417 

Ore  bins 31 

pockets ji 

Weight  of 311 

Out  of  wind.  * 2j 

Overrun  of  angles 221,  222, 411 

Packing  block 233 

pins 5« 

spool 27 

Paint • 207,  440,  513, 51 

Paint,  Amount  of 440, 51 

Cost  of 43 

Proportions  of 51 

Painting,  31,  67,  146,  147,  217,  329,  363,  3)6 
387,  430,  484,  515 

Painting,  Cost  of 4 

Panel 

Paneis,  Floor 5 

Panel,  Length  of 125,  ij 

Parapet 2( 

Paving. 268, 4] 

Pedestals,  133.  144,  184,  186,  187,   188,  18 
190,  191,  193,  194,  197,  423,  424 

Petit  bridge  truss 109,  558,  562,  564,  g 

Phosphorus 62,  488, 4 

Phosphor  bronze 5 

Piers,  Bridge 245,  248,  i 

Pig  iron ^ 

Piles 57,  279,  296, 1 

Piles,  Bearing  power  of 

Specifications  for % 

Pile  driver 279, 4 

foundations 

trestles 277,  281,  a 

Pipe,  Design  of 532,  534, 

Pilot  nuts 66,  146,  217,  467, 

Pilot  points 146,  217,  467, 

Pins,  58,  61,  62, 66,  143,  146,  210,  211,  217, 
Pins,  Cost  of 

Design  of 

Pin  holes 66,  146 

packing 

plates 61 ,  143, 

Pin-connected  trusses,  121,  129,  130,  131,  r^ 
197,  402,  435 

Pin  maul 

Pitch I 

Pitch  of  roof 14.  30,3 

Pitch  of  rivets 60,  142 ,  143, 2< 

Pitch  pockets t^ 
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Pitch  Streaks 278 

Pitched 268 

Pivoted  windows 40 

Pivoted  sash •  .36,  37,    41 

Placing  concrete 240,  243^  274 

Plans 55 

Plans,  Shop 67,  147,  218 

Plans  of  structures 81,  85,  389 

Planing 65 

Planing  edges 66 

Planing  metal 400 

Plan.  Floor 85 

Plank,  Floor. 126,  138 

Plastered  ceiling,  Weight  of 4.  69 

Plaster  walls 53 

Plates 416,  419,  420,  421,  422,  426 

Batten 61 ,  443 

Base 62,  144,  146,  586 

Buckle 315 

Flat 313 

Floor 194 

Fillers 65,  211 

Minimum  thickness  of 380,  382 

Pin 61,  143,  211 

Sheared 415,  419,  420,  422 

Splice 65,  145 

Tie 61,  211 

Universal  mill 415,  420,  421,  422 

Wall 105,  144,  212 

Web 65,  142 

Plate  girders,  54,  57,  58,  no,  142,  149,  206, 
210,  212,  433,  435,  534,  581 

Cost  of 433,  435 

Design  of 220,  534,  581 

Erection  of 441 

Elxamples 184 

Field  rivets  in. 438 

Flanges  in 220 

Plate  girder  highway  bridges,  115, 121, 123,  124 

railway  bridges 173,  174,  175,  203,  400 

weight  of 150,  151,  152,  153,  155,  158 

Pleisner  s  experiments 321 

Pointine 268,  269 

Poisson  8  ratio 528 

Pole,  Electric  light 136 

Pony  trusses 213 

Portals 97,  149,  193,  198,  212 

Portals,  Stresses  in 563,  569 

Portland  cement 267,  522,  523 

Amount  of 240 

gaint 516 
pecifications  for 522 

Posts 277,  296 

Cost  of 43d 

Newel 135,  136 

Pratt  truss. .  .  .10,  107,  108,  109,  121,  122,  565 

Pressure  on  bin  walls 302 

Pressure  on  foundations 75 

Pressure  of  grain 325 

Pressure  on  masonry 56,  75,  104 

Pressure  on  retaining  walls 225 

Product  of  inertia 535 

Proportions  of  concrete 240,  273 

Punching 216,  430 
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Purchase  ring 457 

Purlin,  3,  4,  9,  26,  27,  49,  50,  53,  54,  55,  56, 

59.62 
Push  car 459 

Quicksand 249 

Radius  of  gyration 548,  549,  550,  551 

Rafter 3i  18,  50 

Rail  jack 459 

Rails,  Cost  of 440 

Rails,  Fastenings  for 204,  208 

Rail  steel  reinforcement 509 

Railway  bridges.  Allowable  stresses  in,  173,  209 

Clearances  of 200 

I>esign  of 174,  219 

Details  of 175,  176 

Examples  of 184,  185 

Field  rivets  in 438 

Floors  for 176 

Impact  on 161,  162 

Loads  on 202,  208 

Painting 217 

Piers  for 255,  257,  258,  259,  260,  265 

Piles 281 

Shop  cost 435 

Specifications  for 188,  2d8,  483 

Steel  trestle 149 

Types  of 201 

Weight  of 150  to  158 

Rankine  s  theory 225  226 

Ratchet 460 

Rate  of  hoisting 350,  360 

Reaming 65,  66,  145,  363,  435,  484. 

Ream  wrench 454 

Red  heart 279 

Red  lead-paint,  67,  207,  438,  439,  514,  515,  516 

Reinforced  concrete 521,  526,  546 

Reinforced  concrete  floor,  34, 132,  179, 180,  266 

retaining  walls 239 

Specifications  for 272 

Stresses  in 52 1 

walls 53 

Resilience 528,  535 

Resisting  moment 530 

Resisting  shear 529 

Retaining  walls 225,  268 

Reversal  of  stress 362 

Ridge  roll 24,  52,  59,  427 

Rigid  bracing 55,  137,  212,  361 

Rigid  members 207,  213,  222 

Rjgging 447»  449,  45© 

Ring 279 

Ring  dolly 455 

shake 279 

stones '.  268 

Riprap 268 

Rivet  buster 452,  462,  463 

clamp 456 

clearance 412,  413 

hammer 452,  456,  462 

heads 427 

holes 65,  145 

list 389 
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Rivet  pitching  tongs 456 

snaps 452,  456,  462,  467 

spacing 60,  142,  219,  410,  423 

steel 62,  383,  496,  505 

Stic!  ing  tongs 456 

Rivetb 58»  65,  145,  210,  219,  379 

Clinch 23 1  24 

Conventional  signs  for 398 

Diameter  of 60 

Field 55,  66,  141,  146,  217,  363,  400 

Flange 142 

Maximum  diameter  of 60,  143 

Pitch  of 60,  142,  143 

Size  of 144,  215 

Riveting 145,  216,  467 

Cost  of 436,  437,  438 

bms. 332,  333 

stand  pipes 387 

tanks 373,  375 

Riveted  bridges,  Examples  of,  119,  120,  127, 
128,  151,  I94»  401 

Riveted  bridges,  Field  rivets  in 437,  438 

Riveted  connections 219,  595 

joints 370.  378,  380,  532,  597 

girders 403 

tension  members 143 

Road  rollers 117,  139 

Rods 61,  62,  416 

Rods,  Anchor. 94,    95 

Minimum  size  of 142 

Rollers,  55,  57,  63,  66,  133,  134,  141,  144,  146, 
184,  186,  188,  189,  191,  193,  194,  197,  206, 
209,  212,  217,  434,  534,  579 

Rolling  loads 542 

Roof  covering,   4,   7,    15,    18,   26,   56,   71,   74 

Roof,  Pitch,  see  pitch  of  roof 

Roof  trusses,  7,  11,  15,  16,  17',  18,  46,  49,  53, 

54»  55.  105.  354»  359.  433.  44i 
Roof  trusses,  Erection  of 441 

Spacing  of 14,  62 

Stresses  in 7,  552 

Types  of 9,  10 

Weight  of 3,  55 

Roof  for  steel  bin 335,  336,  337 

steel  tank 372,  375,  382 

steel  stand-pipe. . .    382 

Roofing 23,  28,  29,  51,  423,  428,  439 

Corrugated  steel 28,  29,    51 

Cost  of 439 

Slate ......    29 

Tar  and  gravel 29,    32 

Tile 31 

Tin 31 

Rooster 469 

Rope,  Cost  of 440 

Rope,  Hoisting 341,  443,  444 

Rot 279 

Rubbed 268 

Rubble 268 

Rubble  concrete 266,  274 

Rubble  stone 271 

Rules  for  shop  drawings 391 

Rupture  strength 528 

Rust 513 


PAGE 

Safe  bearing  of  soib 56,  75,  236,  249,  386 

Safe  loads  on  corrugated  steel 22 

floors 35 

piles 57.75.47: 

slabs 547 

Safety  hooks 346,  362 

Sag  rod 54 

Sand,  Amount  in  concrete 240 

Sand  bin 300,  301,  302,  305 

Sand  blast 515 

Sand,  Friction  of J .  .  312 

Sand,  Weight  of 69,  237 

Sandstone,  Weight  of 237 

Sandwich  door 44,    60 

Sapwodd 2  7S 

Sash 36,  42,  60 

Sash  brace 277 

Saw  tooth  roof 8,  9,  1 1 .  46 

Section  modulus 530 

Segmental"  rollers 134 

Segmental  bottom 366 

Separators. 83,  277,  297,  430.  580 

Set,  Rivet 452,  456,  462,  467 

Schneider,  C.  C 70,  72,  599 

Scale  hoppers 337 

Screens 362 

Screw  bolt 95 

pile 279 

thread 66,  146,  2  tj 

Shackle 447,  457 

Shackle  bar 453 

Shaft,  Torsion  in 533 

Shake 279 

Shaking  screen 352,  355,  356,  35^ 

Shallow  bins 299 

Shear 57.526,529.531.542.  547 

Shear  in  beams 536  to  545 

Shear  in  bridges 164  to  1 70 

Shear  in  concrete 521 

Shear,  Elastic  deformation  due  to 532 

Shear  in  lacing  bars 59^ 

Shear  in  plate  girder 1 73,  1 74 

Shear  in  rivets 370 

Shear,  Corrugated  steel 456,  460 

Shear  legs 468 

Sheared  plates 419,  420,  422 

Sheathing 3.  4.  30,  32,  53.  54.  5^ 

Sheaves 346,  348,  350,  360,  363,  443,  444 

Sheet  pile 279 

Shipping  invoice 67,  21b 

Shim 277 

Shoes. . .  .133,  184,  186,  187,  188,  279,  423,  424 

Shop  bills 39Q 

Shop  coat  of  p^int 516 

Shop  cost  of  bins 433,  434 

bridges 434.  435 

columns 433 

combination  bridges .  435 

culverts 435 

eave  struts 433 

floorbeams 434 

•  eye-bars 434 

grain  bins 433,  434 

Howe  truss  metal 436 
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Shop  cost  of  office  buildings 433 

plate  girders 433,  435 

pins 434 

posts 434 

roof  trusses 433 

stand-pipes 433,  434 

steel  mill  buildings 433 

steel  head  frame 347 

structural  steel 429 

tanks 433,  434 

towers 434 

tubular  piers 435 

Shops,  Design  of 7 

Shop  details 55,  396,  397 

Shop  doors 43 

Shop  drawings. .  . .  138,  389,  400,  401,  402,  403 

Shop  drawings,  Cost  of 429 

Shop  drawings,  Rules  for 391,  398 

Shop  floors. 8,  32,  33,  34,  54,  67,  147 

Shop  plans 195,  196,  218 

Shop  rivets,  see  "Rivets" 

Shutters 59 

Sidewalks 113,  115,  275 

Signal  bridges 157 

Silicon 488,  494 

Sill 277,  296 

Skeleton  construction 69 

Skew  bridge 108 

Skips; 346,  348,  362 

Skylight 4.  8»  "»  38»  54»  60,  428,  440 

Slabs,  Safe  loads  on 547 

Slate,  Weight  of 4»  3^,  69 

Slate  roofing 28,  29,  30,  53,  54,  56 

Slate  roofing.  Cost  of ; . .  440 

Sleeve  nut 572 

Sliding  door 43,  46,  48,  60 

Sliding  sash 3^,  37 

Slope  wall 268 

Snap,  Rivet 452,  456,  462,  467 

Snatch  block. 447.448 

Spacing  columns. ...    98 

girts 59 

plate  girders 179 

purlins 55»  59.  62 

trusses 55.  62,  202,  203,  208 

Spall .268 

Spandrel  sections 96,  100,  268 

Span,  Length  of 55 

Snow  loads 4.  5^.  72»  553.  55^ 

Snow,  Weight  of 4,  69 

Soffit 268 

Specifications  for  cast  iron,  215^  297,  384,  488 

coal  tipples 361 

concrete  floor 32 

erection 483 

Pdnting 67,  217 
ortland  cement 522 

retaining  walls. 241 

shop  floors 32 

stone , 269 

steel 62,  105,  213,  272,  363,  383 

steel  castings 510 

head  frames 361 

highway  bridges 137 


PAGE 

Specifications  for  steel,  mill  buildings 55 

office  buildings 102 

railway  bridges 188,  208 

reinforcement 272,  f07,  509 

stand-pipes 3^9,  386 

tanks.  .  t 379,  386 

tar  and  gravel  roof 32 

timber  bridges 292 

timber  piles 281 

tubular  piers ....  257 

wrought-iron 215,  297,  491 

Spikes 297 

Splices 61,  90,  91,  211,  363,  584 

Splices,  Indirect 144,  211 

Splices  in  plate  girder 220,  583,  596 

Splice  plates 145,  216 

Split  bolt 95 

Spool 442",  443 

Spouts 335 

Spud 454 

Stack  collars 427 

Stack  flashing 29 

Stand-pipes 365 

Allowable  stresses  in 382 

Design  of 381 

Erection  of 442 

Painting 387 

Shop  cost  of 433,  434 

Standard  angle  connections. 595 

Stark-weather 249 

Starred  angles 578 

Steamboat  jack 460 

Steamboat  ratchet 460 

Steel  bins 299,  300,  359 

castings..    .    .63,  66,  146,  213,  217,  487,  510 

coal  tipples.  , 361 

column  bases 94 

columns 104 

Corrosion  of 513 

cylinder  piers 262 

details 571 

door 44,  46,  47,  60 

erection 67,  328,  329,  441 

estimates 425 

grain  elevators 319,  329,  337 

head  frames 339,  348,  352,  355,  359,  361 

highway  bridges 107,  no,  115 

Inspection  of 67,  146,  518 

joist 138 

Steel  mill  buildings,  Allowable  stresses  in,  8,  57 

Cost  of 433.  436 

Design  of 7 

Erection  plan  of 408,  441 

Estimates  for 425 

Examples 49.  53.  54 

Steel;  Minimum  thickness  of 210 

Steel  office  buildings 69,  70,  81,  103 

Erection 105 

Specifications  for 103 

Weight  of 70 

Steel  plate  flooring 34 

Steel  railway  bridges I49 

Specifications  for .  209 

Weight  of 151 
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Steel  reinforcement 272,  507,  509 

Specifications  for,  62,  105,  213,  272,  363, 

Steel  stand-pipe 365,  387 

Steel,  Strength  of 62 

Steel  tank 365,  380,  381 

trestle 150,  158 

tubular  piers 255,  262,  263,  264,  265,  478 

Stiffeners,  58,  61,  65,  142,  145,  207,  212,  216, 
221,423 

StifiFeners  in  bins 327,  333 

Stile 38  to  43 

Stirrups 547 

Stringers,  138,  177,  199,  212,  216,  222,  277, 
283,  284,  297,  434 

Stone,  Amount  of 240 

Stone  bins 312 

Stone  masonry 269 

Straight 278 

Strain  527 

Strength  of  cast-iron 65,  488 

chains 451 

concrete 520 

masonry 237 

Portland  cement 523 

steel 62,  494,  508,  509 

steel  castings 496,  51 1 

timber 298 

wire  rope 341,  443,  444 

wrought  iron 65,  491,  492,  496 

Stress 527 

Stress  diagram. 173,  174,  389,  422 

Stress  due  to  weight 57,  142,  222 

Stresses 531 

Alternate 57 

Allowable,  8,  62,  80,  105,  117,  205,  209,  362, 

379.  382,  3B7 

Diagram  for 173,  174,  422 

Impact 161,  205,  208 

Maximum 160 

Stresses  in  beams 529,  536  to  545 

bins 299 

bridge  trusses 558,  559  to  569 

circular  girder 367 

columns 368 

deep  bins 319 

elevated  tanks 366 

end-post 222 

eye-bar 586 

flat  plates 313,  535 

framed  structures 552 

grain  bins 319 

hooks 533 

lacing  bars 598 

masonry 56,  75 

office  buildings 76,  79 

pins 584 

pipes 534 

portal 563,  569 

riveted  joint 366,  370,  532 

rollers 534 

roof  trusses 552 

shallow  bins 307 

stand-pipes 365 
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Stresses  in,  steel  buildings 57 

suspension  bunker 309 

timber  floors 35 

transverse  bent 556 

trestle  bent 563,  569 

wire  rope 344 

Stretcher 268,  270 

Stiff-leg  derrick 468,  469,  470,  471,  478 

Strut 593 

Strut,  Single  anjfle 575.  576 

Structural  drawing 389 

Structural  mechanics 525 

Structural  steel.  Cost  of 428 

Erection  of 441 

Estimates  of 425 

Specifications  for,  62,  105,  213,  497,  499, 
502,  505 

Structural  timber,  Defects  of 277 

Structural  timber,  Definitions  of 278 

Stub  abutment 245,  246 

Sub-purlin 3f  18.  31 

Sub-sill 277 

Sulphur. .  .62,  213,  488,  494,  497,  499.  502,  505 

Summer  wood 278 

Suspension  bunker 309,  316 

Sway  bracing 149,  223,  277,  296 

Swing  door 43 

Swedge  bolt 95 

T  Abutment 245,  246 

Tackle 449,  450 

Talbot,  A.  N.,  Formula  for  waterway  by,  250 

Tank  details 373,  374,  375.  377 

Erection  of 441 

Painting 387 

Shop  cost  of 433,  434 

Taper  plates 431 ,  432 

Tar  and  gravel  roofing,  4,  29,  32,  6o»  74,  440 

Tar  paint 178,  180,  576 

Tees 417,  418 

Templet  shop 390 

Tension 531 

Test  of  cast-iron 489 

Tests,  Impact 162 

Tests  of  steel,  62,  63,  67,  105,  214,  272,  384, 

386,  497.  500,  503»  504»  507.  509 

Tests  of  wrought  iron 491 ,  493 

Theorem  of  three  moments 543 

Thickness  of  walls 75 

Three-hinged  arch 13,     1 4 

Through  traveler 472,  474,  475 

Tie  plates 61,  143,  211 

Tie  rods 430 

Ties,  117,  138,  177,  179,  180,  199.  202,  204, 
208,  277,  282,  283,  297,  593 

Tile  roof 4.  18,  31,  56,  428,  440 

Timber 66,  5^0 

Timber,  Allowable  stresses  in 298 

Timber  ballasted  floor 1 79 

block  floor 33,  i^6 

bridges,  277,  285,  286,  287,  290,  291,  293. 

294.  295 
buggy 459 

columns 29S 


Timber,  Defects  in 378 

doora 43.  45'  60 

floors 8,33.34,35.  "6.  176.  177 

hook 458 

Howe  truss 388 

joiit 138 

pilM 57 

purlins '. 63 

Stresses  in 35.  58,  138,  304 

Specifications  for 144 

travelers 474.  475i  480 

trtstles 377.  382,  383,  384 

Weight  of 69,  304,  ao8 

Tin  roofing 4,  31,  440 

Tobin  bronze 530 

Tongs 456 

Tools  for  erection  of  stjd,  67,  105.  463,  464, 
465,  466.  467 

Top  chord 195.  333.  397 

Torsion  in  shafts 533 

Towers 137.  333.  434 

Tower  struts ai3 

Translucent  fabric 41 

Transverse  tKnt.  3,  7.  9,  13,  14,  17,  18,  49.  54, 
77.  556.  590 

Transverse  bracing 18,  3I3,  333 

Traveler 468.  470,  472.  478 

Traveling  crane i3 

Trestle  ..150,  377,383,  383.384,441.563.569 

Trestle  tovers 137 

Trestles,  Weight  of  steel 158 

TrimmeiB 453 

True  stress 534 

Truss,  see  und^  bridge,  roof.  etc. 

Tubular  piers 355.  435,  437 

Tumbuckle 573 

Turned  bolts 65,  145.  3i6 

Two-hinged  arch 13.  14 

U  abutment 245,  246 

Ultimate  deformation 528,  533 

Ultimate  stress 5^7 

Uniform  loads 151.  i59 

Unit  stress 537 

Universil  mill  plates 415,  430,  431,  423 

Upsets  for  bars 383 

Upset  rods 61 

VentiUtora..3,    I3,   39.   43.  44,   59,  433,   435 

Ventilator,  Monitor 3.  11 

Ventilating  buildings 9 

Viaducts,  Ereaion  of 441 

Voussoire 268 

Wall  anchora 105 

Wall  plates 104,  105,  144.  313 

Walls,  Details  of 96 

Mill  building 7 

Thickness  of, 75 

Wane 278 

Warren  truss 108,  109,  565 

Washers 387,  297 

Water  jet 379 

Water,  Weight  of 69 


Waterproofii^t,  Cost  of 440 

Waterproofing  floors,  35.  76,  133,  178,  179,  iSo, 
iSt,  l83 

retaining  walls 343 

Watertight  joints 370 

Waterway  for  bridges 250 

Web  plates. .    .  .58,  65,  142,  145,  316.  320,  433 

spiicc 583,  596 

BtifFencrs.  58.  61,  65,  145,  307,  213,  3t6,  221 

Wedge 287,  458 

Welds 66.  146,316,317 

We^ht  ot  ashes 69 

ballast 179,  304,  308 

bare 573,573 

beam  bridge 113 

bracing 4 

building  materials 69 

cast  iron 69 

coal  tipples 360 

columns 4 

concrete 69.304,  308,  381 

conductors 36 

comi^ted  steel 4,  15,  35 

covenng 56 

draw  spans 157 

electric  railway  bridges 115 

girts 4 

head  frames 347.  348.  350 

highway  bridges no.  115 

hoisting  engines 443 

locomotives 154.  305 

louvres 24 

masonry 337 

materials 4.  69,  73,  146,  31 1 

office  buildings 70 

plate  girdera.  115.  150,  151,  152,  153.  155, 

purlins 4,  56 

rails  and  fasCcnii^ 139,  204,  208 

railway  bridges.  150.  151,  153.  153,   154, 
155.  156,  157.  158 

railway  viaduct 158 

ridge  roll 34 

roof  arches 13 

root  covering 4 

roof  trusses 3.  55 

roofinij 74 

sheathing 56 

slate 4.  30,  56 

skylight  plass 4 

signal  bridges 157 

skips 350 

snow 4.69 

steel 69,  217,384 

tiles 31 

tile  roofing 56 

timber 204,  208 

trestle  towers 158 

tin 4 

wrought-iron 69 

Weight,  Stress  due  to 57,  142,  222.  589 

Wheel  guards 138.  177,  ao8,  281 
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Wheel  loads,  153,  162,  163,  164,  165,  166,  167, 
168,  169,  170,  171,  172 

Whipple  truss 109 

White  lead 5^4 

Wind  bracing 97,  98,  100,  loi,  102 

loads,  5,  56,  71,  72,  103,  140,  205,  209,  379 

shake 278 

stresses,  76,  78,  141,  209,  327,  379.  553,  556, 

589 
Width  of  angles 411 

Windows,  8,  36,  37,  38,  60,  96,  329,  422,  427, 
440,  481 

Wing  abutment 245,  246 

Wing  wall 268 

Wire  glass 8,  38,  54,  60,  69 

netting 8,  28,  29,  52,  53,  59 

rope 341,  440,  443,  444,  480 

Wood  sash 36,  37 
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Wooden  doors 43,  45.  60 

floor 8, 34 

t]:iestle 277 

Work 528,  535 

Winch 442,  443 

Wrench 453,  455,  461 

Wrought-iron,  65,  69,  215,  297,  487.  489,  491. 
492 

X-brace 277 

Yellow  pine 298 

Yield  point 528 

Zees 417.  4i8»  5U 

Zinc 519 

Zinc  paint S'"* 
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